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ADDITIVE TO NEGATIVE ELECTRODE MATERIAL FOR LITHIUM SECONDARY BATTERY,

NEGATIVE ELECTRODE MATERIAL FOR LITHIUM SECONDARY BATTERY AND, USING THE

(54)
NEGATIVE ELECTRODE MATERIAL FOR LITHIUM SECONDARY BATTERY, NEGATIVE
ELECTRODE AND LITHIUM SECONDARY BATTERY

(57)  An object of the invention is to provide such an

additive for a lithium secondary battery that improves
the battery capacity and the initial efficiency of the lithi-
um secondary battery.

In the invention, a fullerene derivative having a
group having a formula weight of 6 or more is used as
an additive for a lithium secondary battery. A fullerene
derivative having a group having a formula weight of 6
or more is contained in an anode material for a lithium
secondary battery, an anode for a lithium secondary bat-
tery, and a lithium secondary battery using an anode
containing the anode material. The group having a for-
mula weight of 6 or more in the fullerene derivative is
preferably one selected from the group consisting of an
alkali metal atom, a chalcogen atom, a halogen atom,
an aliphatic hydrocarbon group, an aromatic hydrocar-
bon group, a heterocyclic group, a characteristic group
containing oxygen, a characteristic group containing
sulfur and a characteristic group containing nitrogen.
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Description
FIELD OF THE INVENTION

[0001] The present invention relates to an additive for a prescribed anode material for a lithium secondary battery.
The invention also relates to a anode material for a lithium secondary battery containing a carbonaceous substance
having on a surface thereof a fullerene derivative having a group having a formula weight of 6 or more, an anode
material for a lithium secondary battery containing a carbonaceous substance having on a surface thereof a fullerene
compound having spherical shell structures crosslinked through at least one atom, or an anode material for a lithium
secondary battery containing a carbonaceous substance having on a surface thereof a fullerene compound having a
spherical shell structure chemically bonded to the carbonaceous substance through at least one atom. The invention
further relates to an anode and a lithium secondary battery using the anode material for a lithium secondary battery.

[0002] The invention still further relates to a process for producing the anode material.

BACKGROUND ART

[0003] After establishing the mass production process of Cgq in 1990, studies on fullerene have been extensively
made, and various kinds of derivatives of fullerene have been synthesized and studied for possibilities of practical
applicability thereof.

[0004] One of the fields among the practical applications of fullerene is a battery. Examples of the battery include a
lithium secondary battery. A lithium secondary battery has a high energy density owing to the small atomic weight of
lithium, and is used as an electric power source of such an electric equipment as a portable telephone and a personal
digital assistant (PDA).

[0005] Examples of the technique using fullerene hydride obtained by adding hydrogen to fullerene as an additive
for a carbon anode (International Application No. 00/31811). According to the investigations made by the inventors,
however, it has been found that fullerene hydride is instable and has a tendency of being decomposed in a solvent,
and thus cannot be added to a carbon anode stably, whereby the battery capacity is liable to become insufficient or
instable.

DISCLOSURE OF THE INVENTION

[0006] According to the establishment of wire and wireless high-speed communication technologies for large-volume
data, such as video communication among PDAs and portable telephones, in recent years, there is such a tendency
that the consumption electric power of these equipments is increased. As a result, there is a strong demand for in-
creasing the battery capacity of a lithium secondary battery used as an electric power source therefor.

[0007] Theinventors have made continued investigations to attain a lithium secondary battery having a large capacity
by utilizing the nature of fullerene as an electron acceptor. As a result, it has been found that the initial efficiency on
charging and discharging a lithium secondary battery can be improved by making a fullerene compound on a surface
of a carbonaceous substance used as an anode active material of a lithium secondary battery, whereby the battery
capacity can be improved, and thus the invention has been completed.

[0008] More specifically, it has been found that upon making a fullerene compound present on a surface of a car-
bonaceous substance, in the case where the fullerene compound is present in a monomolecular form or as an aggre-
gated body of molecules, the initial efficiency on charging and discharging a lithium secondary battery can be improved
by using, as an additive, such a fullerene derivative that has a group having a particular formula weight bonded to the
spherical shell structure formed of carbon.

[0009] It has also found that upon making a fullerene compound present on a surface of a carbonaceous substance,
the fullerene compound can be firmly present on the surface of the carbonaceous substance by crosslinking spherical
shell structures of the fullerene compound through at least one atom, whereby the initial efficiency on charging and
discharging a lithium secondary battery can be improved.

[0010] Ithas furtherfound that upon making a fullerene compound present on a surface of a carbonaceous substance,
the fullerene compound can be firmly present on the surface of the carbonaceous substance by chemically bonding a
spherical shell structure of the fullerene compound to the carbonaceous substance through at least one atom, whereby
the initial efficiency on charging and discharging a lithium secondary battery can be improved.

[0011] Accordingly, a first substance of the invention resides in an additive for an anode material for a lithium sec-
ondary battery, characterized in that the additive is a fullerene compound having a group having a formula weight of
6 or more.

[0012] A second substance of the invention resides in an anode material for a lithium secondary battery, the anode
material containing a fullerene compound and a carbonaceous substance, characterized in that the fullerene compound
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is a fullerene derivative having a group having a formula weight of 6 or more, and the fullerene compound is present
on a surface of the carbonaceous substance.

[0013] A third substance of the invention resides in an anode material for a lithium secondary battery, the anode
material containing a fullerene compound and a carbonaceous substance, characterized in that the fullerene compound
is present on a surface of the carbonaceous substance, and spherical shell structures of the fullerene compound are
crosslinked through at least one atom.

[0014] A fourth substance of the invention resides in an anode material for a lithium secondary battery, the anode
material containing a fullerene compound and a carbonaceous substance, characterized in that the fullerene compound
is present on a surface of the carbonaceous substance, and a spherical shell structure of the fullerene compound is
chemically bonded to the carbonaceous substance through at least one atom.

[0015] A fifth substance of the invention resides in an anode material for a lithium secondary battery, the anode
material containing a fullerene compound and a carbonaceous substance, characterized in that the fullerene compound
is present on a surface of the carbonaceous substance, and an elution amount of the fullerene compound per unit
weight of the anode material for a lithium secondary battery determined by the following test method is 2 mg/g or less:

[test method]
[0016]

(1) 0.1 g of the anode material for a lithium secondary battery is dissolved in 2 mL of a trimethylbenzene solvent
or an N-methylpyrrolidone solvent to prepare a sample solution;

(2) the sample solution is allowed to stand at an ordinary temperature (25 £ 5°C) and an ordinary humidity (50 +
15%RH) for 24 hours;

(3) a supernatant fluidof the sample solution thus allowed to stand is recovered, and a content of the fullerene
compound contained in the supernatant fluid is measured; and

(4) the measured value is converted to a total elution amount of the sample solution, and the converted value is
divided by 0.1 g.

[0017] A sixth substance of the invention resides in an anode for a lithium secondary battery, characterized by con-
taining the aforementioned anode material for a lithium secondary battery.

[0018] A seventh substance of the invention resides in a lithium secondary battery, characterized by using the afore-
mentioned anode.

[0019] An eighth substance of the invention resides in a process for producing an anode material for a lithium sec-
ondary battery having a fullerene compound present on a surface of a carbonaceous substance, characterized in that
the process contains: a fullerene compound supporting step of making a fullerene compound present on a surface of
a carbonaceous substance; and at least one of a crosslinking step of crosslinking spherical shell structures of the
fullerene compound through at least one atom, and a chemically bonding step of chemically bonding a spherical shell
structure of the fullerene compound to the surface of the carbonaceous substance through at least one atom.

[0020] The "fullerene compound" referred in the invention means a substance having at least a spherical shell struc-
ture formed of carbon in the molecule thereof. The "fullerene compound" comprehensively includes, for example, fuller-
ene as a carbon molecule in a spherical shell form, a fullerene derivative having an organic group or a group of an
inorganic element bonded to carbon constituting fullerene, such a state that spherical shell structures constituting
fullerene or a fullerene derivative are bonded directly or through at least one atom, and such a state that a spherical
shell structure constituting fullerene or a fullerene derivative is chemically bonded to a surface of a carbonaceous
substance. Herein, carbon may be lost in a part or the spherical shell structure constituting fullerene or the fullerene
compound, and a part of the spherical shell structure constituting fullerene or the fullerene compound may be broken.
[0021] The state where "a fullerene compound is present on a surface of a carbonaceous substance" referred in the
invention, for example, includes such a case that a molecule of fullerene or a fullerene derivative is adsorbed on a
surface of a carbonaceous substance in a single molecular state or an aggregated form, such a case that fullerene
and/or fullerene derivatives are bonded to each other directly or indirectly through a prescribed group and are adsorbed
on a surface of a carbonaceous substance, and such a case that fullerene and/or a fullerene derivative is chemically
bonded to a surface of a carbonaceous substance directly or indirectly through a prescribed group.

[0022] According to the invention, on a surface of a carbonaceous substance used as an anode active material of a
lithium secondary battery, a fullerene compound is present in at least one state of (a) a state of a fullerene derivative
having a particular group, (b) such a state that spherical shell structures of fullerene are crosslinked through at least
one atom, and (c) such a state that a spherical shell structure of fullerene is chemically bonded to the carbonaceous
substance through at least one atom, whereby the initial efficiency on charging and discharging a lithium secondary
battery can be significantly improved.
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[0023] In the case where the spherical shell structures of the fullerene compound are crosslinked through at least
one atom on the surface of the carbonaceous substance, and/or the spherical shell structure of fullerene and the
surface of the carbonaceous substance are chemically bonded to each other through at least one atom, the bond
strength of the fullerene compound on the surface of the carbonaceous substance can be increased. Accordingly,
improvement of the initial efficiency on charging and discharging a lithium secondary battery can be stably exerted.

BRIEF DESCRIPTION OF THE DRAWINGS
[0024]

Fig. 1 is a diagram showing a (6-6) bond of Cgy,.

Fig. 2 is a diagram showing an example of fullerene having a group having a formula weight of 6 bonded thereto.
Fig. 3 shows a time dependency of an elution amount obtained in Example 17.

Fig. 4 shows a time dependency of an elution amount obtained in Example 18.

BEST MODE FOR CARRYING OUT THE INVENTION

[0025] Intheinvention, a fullerene compound is present on a surface of a carbonaceous substance in various forms.
The reason why the initial efficiency of a lithium secondary battery is improved, whereby the capacity of the lithium
secondary battery is improved by making a fullerene compound present on a surface of a carbonaceous substance is
as follows.

[0026] Ingeneral, atan interface between an anode for a lithium secondary battery mainly containing a carbonaceous
substance and an electrolyte, reduction decomposition of the electrolyte (particularly, a solvent for the electrolyte so-
lution) occurs under an electrochemical reducing atmosphere. As a result of the decomposition, an organic substance
and a lithium compound as decomposition products form a film called SEI (solid electrolyte layer) on the surface of the
carbonaceous substance. The SEI obstructs direct contact between the carbonaceous substance and the electrolyte
to terminate substantially the reducing decomposition reaction of the electrolyte, whereby the battery is electrochem-
ically stabilized.

[0027] The reaction of forming the SEI almost proceeds in the initial charging process, in which the anode is exposed
to an electrochemical reducing state at the first time. However, the electric power consumed by the reducing decom-
position during the process of forming the SEI is not accumulated in the active material as energy, and therefore, it
cannot be taken out by discharging. In other words, the electric power consumed by forming the SEI out of the electric
power put in the initial charging becomes a loss to lower the initial efficiency. The reducing decomposition reaction
between the surface of the carbonaceous substance and the electrolyte gradually proceeds after the initial charging,
and the reaction brings about deterioration of the storage stability and the cycle characteristics of the lithium secondary
battery.

[0028] In the invention, the fullerene compound is made directly present on the surface of the carbonaceous sub-
stance, which causes occlusion and release of lithium to the electrolyte, so as to improve the initial efficiency of the
lithium secondary battery, whereby the capacity is greatly improved. While the functional mechanism thereof is not
clear, itis considered that there are such a possibility that the surface of the carbonaceous substance and the electrolyte
are prevented from being directly in contact with each other owing to the fullerene compound present between the
surface of the carbonaceous substance and the electrolyte to produce an effect equivalent to the case where an SEI
is formed from the first, and such a possibility that the efficiency of forming an SEI is improved from the standpoint of
reaction and structure owing to the fullerene compound present.

[0029] An additive for an anode material for a lithium secondary battery and an anode material for a lithium secondary
battery used in the invention, an anode using the anode material for a lithium secondary battery, a lithium secondary
battery using the anode, and a process for producing the anode material for a lithium secondary battery will be de-
scribed.

[0030] For convenience of explanation, the anode material for a lithium secondary battery and the process for pro-
ducing the anode material for a lithium secondary battery are described, and then the anode using the anode material
for a lithium secondary battery and the lithium secondary battery are described.

[0031] The explanation of the "anode material for a lithium secondary battery" will be made with reference to a case
where a fullerene compound is present in a monomolecular form or as an aggregated body of plural molecules on the
surface of the carbonaceous substance, as "Embodiment 1".

[0032] Subsequently, a case where spherical shell structures of a fullerene compound are crosslinked through at
least one atom on the surface of the carbonaceous substance (Embodiment 2), a case where a spherical shell structure
of a fullerene compound is chemically bonded to the carbonaceous substance through at least one atom on the surface
of the carbonaceous substance (Embodiment 3), and an embodiment using the Embodiment 2 and the Embodiment
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3 in combination (Embodiment 4) are described.
[0033] Thereafter, an embodiment using the Embodiment 1, the Embodiment 2 and the Embodiment 3 in combination
(Embodiment 5) is described.

A. Anode Material for Lithium Secondary Battery
A-1. Embodiment 1

[0034] The anode material for a lithium secondary battery in this embodiment is an anode material for a lithium
secondary battery containing a carbonaceous substance and a fullerene compound, and is characterized in that the
fullerene compound is a fullerene compound having a group having a formula weight of 6 or more, and the fullerene
compound is present on the surface of the carbonaceous substance. The embodiment will be described in more detail
below.

(1) Additive

[0035] In this embodiment, a fullerene derivative having a group having a formula weight of 6 or more is used as an
additive for an anode material for a lithium secondary battery. The initial efficiency of the lithium secondary battery can
be improved by using the fullerene derivative having a group having a formula weight of 6 or more as an additive for
the anode material for a lithium secondary battery. In particular, the initial efficiency of the lithium secondary battery
can be improved by making the fullerene derivative having a group having a formula weight of 6 or more present on
the surface of the carbonaceous substance.

[0036] Examples of fullerene used as the fullerene derivative include the following.

[0037] The fullerene is a carbon molecule in a spherical shell form. The fullerene used herein is not limited as far as
the object of the invention is satisfied, and examples thereof include Cgg, C7g, C74, C76, C7s, Cgg, Cga, Cga, Cgg: Cas:
Co0: Cgp, Co4, Cog, Cgg, C4gg, and a dimer and a trimer of these compounds. Plural kinds of fullerene may be used
simultaneously.

[0038] In the invention, among these compounds, Cgy, C7¢ and a dimer and a trimer of these compounds are pre-
ferred. Cgo and Cy are preferred since they can be easily obtained industrially and have high affinity to the surface of
the carbonaceous substance. In the case where these kinds of fullerene are used in combination, it is preferred to use
Cgp and C,q in combination. By using the combination, coating on the surface of the carbonaceous substance can be
easily attained.

[0039] In the case where Cgy and C,( are used in combination, the lower limit of the amount of C;, per 100 parts by
weight of Cg is generally 5 parts by weight or more, preferably 7 parts by weight or more, and particularly preferably
10 parts by weight or more. In the case where Cg, and Cy are used in the aforementioned ratio, the mutual interaction
thereof is favorably attained to improve the dispersion stability.

[0040] Similarly, the upper limit of the amount of Cg, per 100 parts by weight of C;, is generally 90 parts by weight
or less, preferably 80 parts by weight or less, and particularly preferably 70 parts by weight or less. In the case where
the content of C, is in the aforementioned ratio, such a problem can be avoided that the effect of the combination use
of Cgg and C is reduced due to insufficient mutual interaction therebetween.

[0041] Fullerene is generally obtained by extraction and separation from a fullerene-containing soot obtained, for
example, by the resistance heating method, a laser heating method, an arc discharge method and a combustion meth-
od. In this case, it is not necessary that fullerene is completely separated from the soot, and the content of fullerene
in the soot can be adjusted in a range that does not impair the performance.

[0042] Fullerene is generally in a powder form at an ordinary temperature (25°C) and an ordinary humidity (50%RH),
and the secondary particle diameter thereof is generally 10 nm or more, preferably 15 nm or more, more preferably
20 nm or more, and particularly preferably 50 nm or more, and is generally 1 mm or less, preferably 500 um or less,
and more preferably 100 um or less.

(Fullerene Derivative having Formula Weight of 6 or more)

[0043] In general, the fullerene derivative means such a compound that an atomic group forming a part of an organic
compound or an atomic group of inorganic elements is bonded to at least one carbon atoms constituting the fullerene.
Examples of the fullerene derivative include fullerene hydride, fullerene oxide, fullerene hydroxide and fullerene halo-
genide (such as F, CI, Brand I).

[0044] Inthe Embodiment 1, such a fullerene derivative is preferably used that groups having a formula weight of 6
or more are bonded to 1 or more of carbon atoms constituting fullerene. Among the carbon atoms constituting fullerene,
preferred examples thereof, to which the groups having a formula weight of 6 or more are bonded, include, as a Cg
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molecule is exemplified, two carbon atoms constituting the (6-6) bond of the Cgq molecule. This is because the two
carbon atoms constituting the (6-6) bond have high electron-drawing property. It is considered that there are cases
where the groups having a formula weight of 6 or more are bonded to one of the carbon atoms of the (6-6) bond or to
both the carbon atoms, and examples of the case where the groups are bonded to both the carbon atoms include a
case where the same groups are bonded to both the carbon atoms, a case where different groups are bonded thereto,
and a case where the groups are bonded by cyclization addition to form a ring having the both carbon atoms contained
as a part thereof. In the case of the cyclization addition, as a Cgy molecule is exemplified, the following cases can be
exemplified.

[0045] The first case is that an oxygen atom is added to form a 3-membered ring by the oxygen atom and the two
carbon atoms (following structural formula (1)).

[0046] The next case is that a carbon atom having two phenyl groups (represented by Ph in the following structural
formula (2)) bonded thereto is bonded to form a carbon 3-membered ring (following structural formula (2)).

(2)

[0047] The further case is that a diene is bonded (the following structural formula (3)).

(3)

[0048] In the Embodiment 1, the fullerene derivative has a group having a formula weight of 6 or more. Fullerene
hydride having a hydrogen atom having a formula weight of 1 bonded thereto is instable in a solvent to have such a
problem that the addition thereof to a lithium secondary battery cannot be stably attained, and He having a formula
weight of 4 has such a problem that it is difficult to be bonded to carbon constituting fullerene. On the other hand, it is
considered that a sterically large group having a formula weight of 6 or more (such as Li having a formula weight of 7)
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strengthens the mutual interaction with lithium, which is the electromotive substance of a lithium secondary battery.
[0049] The state where the fullerene derivative has a group having a formula weight of 6 or more means that as
shown in Fig. 2(a), a group represented by R1 is bonded to at least one carbon elements constituting fullerene, and a
sole or plural atoms constituting R1 have a total atomic weight of 6 or more. In the case where a group having a formula
weight of 6 or more is bonded to plural carbon atoms constituting fullerene, it is sufficient that the total atomic weight
of the atoms constituting the group is 6 or more. For example, Fig. 2(b) shows an example where a group R2 having
a formula weight of 6 or more is bonded to two carbon atoms constituting fullerene to form a cyclic structure (the group
is added by cyclization addition), and in this case, a sole or plural atoms constituting R2 have a total atomic weight of
6 or more.

[0050] It is sufficient that the formula weight of the group having a formula weight of 6 or more is 6 or more, and a
group having a formula weight of 16 or more is preferred. The upper limit of the formula weight is not particularly limited,
and the group may have a large molecular weight such as a polymer. However, the formula weight is preferably 1,000
or less, more preferably 500 or less, further preferably 300 or less, and particularly preferably 200 or less, from the
standpoint of steric hindrance.

[0051] The group having a formula weight of 6 or more is not particularly limited, it is preferably at least one selected
from the group consisting of an alkali metal atom, a chalcogen atom, a halogen atom, an aliphatic hydrocarbon group,
an aromatic hydrocarbon group, a heterocyclic group, a characteristic group containing oxygen, a characteristic group
containing sulfur and a characteristic group containing nitrogen, since they are conveniently obtained industrially.
[0052] Examples of the alkali metal atom include lithium, sodium, potassium and rubidium, and lithium, sodium and
potassium are preferred from the standpoint of easiness in industrial synthesis.

[0053] Examples of the chalcogen atom include oxygen, sulfur, selenium and tellurium, and oxygen and sulfur are
preferred from the standpoint of easiness in industrial synthesis.

[0054] Examples of the halogen atom include fluorine, chlorine, bromine and iodine, and fluorine, chlorine and bro-
mine are preferred from the standpoint of easiness in industrial synthesis. A group containing a halogen atom, such
as an iodosyl group, may be used.

[0055] Examples of an aliphatic linear hydrocarbon group out of the aliphatic hydrocarbon group include a methyl
group, an ethyl group, a propyl group, an isopropyl group, a butyl group, an isobutyl group, a sec-butyl group, a tert-
butyl group, a pentyl group, an isopentyl group, a neopentyl group, a hexyl group, a heptyl group, an octyl group, a
nonyl group, a decyl group, an undecyl group, a dodecyl group, a vinyl group, a 1-propenyl group, an allyl group, an
isopropenyl group, a 1-butenyl group, a 2-butenyl group, a 2-pentenyl group and an ethynyl group. A methyl group, an
ethyl group and a propyl group are preferred from the standpoint of easiness in industrial synthesis.

[0056] Examples of an alicyclic hydrocarbon group out of the aliphatic hydrocarbon group include a cyclopropyl
group, a cyclopentyl group, a cyclohexyl group and 1-cyclohexenyl group. A cyclohexyl group is preferred from the
standpoint of easiness in industrial synthesis.

[0057] Examples of the aromatic hydrocarbon group include a phenyl group, a tolyl group, a xylyl group, a mesityl
group, a cumenyl group, a benzyl group, a diphenylmethyl group, a triphenylmethyl group, a stylyl group, a biphenylyl
group and naphthyl group. A phenyl group, a benzyl group and a biphenylyl group are preferred from the standpoint
of easiness in industrial synthesis.

[0058] Examples of the heterocyclic group include a furyl group, a furfuryl group, a thienyl group, a pyrrolyl group,
a pyridyl group, a pyperidino group, a pyperidyl group and a quinolyl group, and a furyl group and a pyridyl group are
preferred from the standpoint of easiness in industrial synthesis.

[0059] The characteristic group containing oxygen is not particularly limited as far as it contains oxygen, and exam-
ples thereof include a hydroxyl group, a hydrogen peroxide group, an oxygen atom (an epoxy group) and a carboxyl
group, and a hydroxyl group and an oxygen are preferred from the standpoint of easiness in industrial synthesis.
[0060] The following groups are also exemplified as the characteristic group containing oxygen.

[0061] Examples of an alkoxy group include a methoxy group, an ethoxy group, a propoxy group, an isopropoxy
group, a butoxy group and a phenoxy group, and a methoxy group and an ethoxy group are preferred from the standpoint
of easiness in industrial synthesis.

[0062] Examples of a carboxylic acid group and an ester group include a carboxyl group, a methoxycarbonyl group,
an ethoxycarbonyl group and an acetoxy group, and a carboxyl group and an acetoxy group are preferred from the
standpoint of easiness in industrial synthesis.

[0063] Examples of an acyl group include a formyl group, an acetyl group, a propionyl group, a butylyl group, an
isobutylyl group, a valeryl group, an isovaleryl group, a pivaloyl group, a hexanoyl group, an octanoyl group, a lauroyl
group, a parmitoyl group, a stearoyl group, an oleoyl group, an acryloyl group, a methacryloyl group, a chloroformyl
group, an oxal group, acyclohexanecarbonyl group, a benzoyl group, a toluoyl group and a naphthoyl group, and a
formyl group and an acetyl group are preferred from the standpoint of easiness in industrial synthesis.

[0064] Further examples of the characteristic group containing oxygen include an acetonyl group, a phenacyl group,
a salicyl group, a salicyloyl group, an anisyl group and an anisoyl group. An acetonyl group and a salicyl group are
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preferred from the standpoint of easiness in industrial synthesis.

[0065] The characteristic group containing sulfur is not particularly limited as far as it contains sulfur, and examples
thereof include a mercapto group, a thio group (-S-), a methylthio group, an ethylthio group, a phenylthio group, a
thioformyl group, a thioacetyl group, a thiocarboxyl group, a dithiocarboxyl group, a thiocarbamoy! group, a sulfonic
acid group, a mesyl group, a benzenesulfonyl group, a toluenesulfonyl group, a tosyl group and a sulfoamino group.
A mercapto group and a sulfonic acid group are preferred from the standpoint of easiness in industrial synthesis.
[0066] The characteristic group containing nitrogen is not particularly limited as far as it contains nitrogen, and ex-
amples thereof include an amino group, a methylamino group, a dimethylamino group, an anilino group, a toluidino
group, a xylydino group, a cyano group, an isocyano group, a cyanate group, an isocyanate group, a thiocyanate group,
an isothiocyanate group, a hydroxyamino group, an acetylamino group, a benzamide group, a succinimide group, a
carbamoyl group, a nitroso group, a nitro group, a hydrazino group, a phenylazo group, a naphthylazo group, an ureido
group, an ureylene group, an amidino group and a guanidino group, and an amino group, a cyano group and a cyanate
group are preferred from the standpoint of easiness in industrial synthesis.

[0067] The aforementioned groups having a formula weight of 6 or more may further be substituted by another group.
[0068] Among the aforementioned groups having a formula weight of 6 or more, particularly preferred examples
thereof include sodium, potassium, oxygen, a hydroxyl group, an amino group, a sulfonic acid group, a methyl group,
an ethyl group, a propyl group, a phenyl group, a biphenylyl group, an ethoxy group, fluorine, chlorine, bromine and
iodine. Among the groups, oxygen has two bonds, and the two bonds are bonded to fullerene to form an epoxy group.
[0069] Particularly preferred examples of the fullerene derivative include fullerene oxide, fullerene hydroxide, fuller-
ene halide (such as F, Cl, Br and |) and sulfonated fullerene, and fullerene oxide and fullerene hydroxide are most
preferred from the standpoint of improvement of the battery characteristics.

[0070] The aforementioned groups having a formula weight of 6 or more may be bonded to at least one of the carbon
atoms constituting fullerene. The number of the groups bonded to fullerene may be the maximum substitution amount
of fullerene. The maximum substitution amount is, in the case where fluorine is used as the substituent, 48 for Cgy and
54 for C4q. In the case where the substitution amount is too large, there are some cases where the performance of the
fullerene derivative, i.e., the improvement of the initial efficiency of the lithium secondary battery, is not sufficiently
exerted, and thus the number of the groups bonded to fullerene is generally 36 or less, preferably 10 or less, and more
preferably 4 or less. The number of the groups having a formula weight of 6 or more bonded to fullerene may be
appropriately selected depending on the performance demanded for the lithium secondary battery.

[0071] The fullerene derivative can be synthesized from fullerene by the known process. For example, a desired
fullerene derivative can be obtained by utilizing a reaction with a nucleophilic reagent (nucleophilic addition reaction),
a cyclization addition reaction, a photo-addition (cyclization) reaction and an oxidation reaction.

[0072] The fullerene derivative having a group having a formula weight of 6 or more is generally in a powder form
at an ordinary temperature (25°C) and an ordinary humidity (50%RH), and the secondary particle diameter thereof is
generally 10 nm or more, preferably 50 nm or more, and more preferably 100 nm or more, and is generally 1 mm or
less, preferably 500 um or less, and more preferably 100 um or less.

(2) Carbonaceous Substance

[0073] Examples of the carbonaceous substance include a graphite material, such as graphite; carboniferous coke
and petroleum coke; a carbide of carboniferous pitch or petroleum pitch, or a carbide of pitch having been subjected
to an oxidation treatment; needle coke, pitch coke, and a carbide of a phenol resin or crystalline cellulose. Examples
thereof also include a carbon material obtained by partially graphitizing the aforementioned carbonaceous substances,
furnace black, acetylene black and pitch carbon fibers.

[0074] Among the carbonaceous substances, coke and a graphite material, such graphite, are preferred, and a
graphite material, such as graphite, is particularly preferred owing to the large capacity thereof.

[0075] Examples of the graphite material include graphite powder, such as artificial graphite and natural graphite,
and a purified product thereof, a graphitized product of electroconductive carbonblack, such as acetylene black and
Ketjen black, and carbon fibers, such as vapor phase growth carbon fibers. All the graphite materials may be used,
and artificial graphite or natural graphite is preferred from the standpoint of capacity. Artificial graphite is particularly
preferred since the battery performance can be easily controlled.

[0076] The graphite material may be subjected to an amorphous treatment on the surface thereof.

[0077] The carbonaceous substance is generally in a powder form at an ordinary temperature (25°C) and an ordinary
humidity (50%RH), and the average particle diameter thereof is generally 1 um or more, and preferably 5 um or more,
and is generally 45 um or less, preferably 35 um or less, and more preferably 25 um or less. In the case where the
average particle diameter is too small, the specific surface area of the carbonaceous subsistence is increased, whereby
the irreversible capacity is increased to lower the battery capacity. In the case where the average particle diameter is
too large, on the other hand, the thickness of the active material layer is restricted, whereby it is difficult to form a
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uniform active material layer on the carbonaceous substrate.

[0078] The specific surface area of the carbonaceous substance is generally 0.1 m2/g or more, preferably 0.3 m2/g
or more, and more preferably 0.5 m2/g or more. In the case where the specific surface area is too small, the rate
characteristics of the battery are deteriorated. The specific surface area of the carbonaceous substance is generally
30 m2/g or less, preferably 20 m2/g or less, and more preferably 10 m2/g or less. In the case where the specific surface
area is too large, the initial efficiency of the battery is lowered. The measurement of the specific surface area is attained
by the BET method.

(3) Other Materials contained in Anode Material for Lithium Secondary Battery

[0079] Examples of materials contained in the anode material for a lithium secondary battery of the Embodiment 1
include, in addition to the fullerene compound and the carbonaceous substance, a binder (described in detail later)
used in an anode of a lithium secondary battery, and other additives, such as an electroconductive agent.

[0080] The species and the contents of the materials may be appropriately adjusted depending on the battery per-
formance demanded.

(4) Relationship between Surface of Carbonaceous Substance and Fullerene Compound

[0081] In the anode for a lithium secondary battery of the Embodiment 1, the fullerene compound (the fullerene
derivative having a group having a formula weight of 6 or more) is present on the surface of the carbonaceous sub-
stance.

[0082] Inthe Embodiment 1, the fullerene derivative having a group having a formula weight of 6 or more is present
on the surface of the carbonaceous substance by attaching through van der Waals attraction. While the surface of the
carbonaceous substance may be entirely covered with the fullerene compound, a part covered with the fullerene com-
pound and a part not covered therewith may be present in combination on the surface of the carbonaceous substance.
In the case where a part covered with the fullerene compound and a part not covered therewith may be present in
combination on the surface of the carbonaceous substance, the initial efficiency of the lithium secondary battery can
be further improved.

[0083] Descriptions for the fullerene derivative having a group having a formula weight of 6 or more and the carbon-
aceous substance are omitted herein since they have been made. The anode material for a lithium secondary battery
of the Embodiment 1 has such an advantage that the fullerene compound may be only adsorbed on the surface of the
carbonaceous substance to provide excellent productivity.

[0084] The amount of the fullerene compound present on the surface of the carbonaceous substance with respect
to the weight of the carbonaceous substance is generally 0.001% by weight or more, preferably 0.005% by weight or
more, and more preferably 0.01% by weight or more. In the case where the amount is too small, there are some cases
where the effect of improving the battery capacity is insufficient. The amount of the fullerene compound is generally
10% by weight or less, preferably 1% by weight or less, more preferably 0.3% by weight or less, and most preferably
0.1% by weight or less. In the case where the amount is too large, there are some cases where the battery character-
istics are insufficient.

[0085] The thickness of the fullerene derivative having a group having a formula weight of 6 or more present on the
surface of the carbonaceous substance (in the case where the fullerene derivative is present as being sprinkled on
the surface of the carbonaceous substance, the thickness at the part where the fullerene compound is present as being
sprinkled) is generally 0.7 nm or more.

[0086] Inthe case where the thicknessis 0.7 nm or more, a film having one molecule of more of the fullerene derivative
can be formed. The thickness of the fullerene derivative is generally 1.5 um or less, and preferably 0.05 um or less.
In the case where the thickness is too large, there are some cases where the resistance is increased upon using as
an anode active material.

[0087] A process for producing the anode material for a lithium secondary battery according to the Embodiment 1
will be described later.

A-2. Embodiment 2, Embodiment 3 and Embodiment 4

[0088] In an anode material for a lithium secondary battery according to the Embodiment 2, a fullerene compound
is present on the aforementioned carbonaceous substance, and spherical shell structures of the fullerene compound
are crosslinked through at least one atom. In an anode material for a lithium secondary battery according to the Em-
bodiment 3, a fullerene compound is present on the aforementioned carbonaceous substance, and a spherical shell
structure of the fullerene compound is chemically bonded to the carbonaceous substance through at least one atom.
In the Embodiment 4, the spherical shell structures of the fullerene compound are crosslinked through at least one
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atom, and the spherical shell structures of the fullerene compound are chemically bonded to the carbonaceous sub-
stance through at least one atom.

[0089] As the fullerene compound used in Embodiments 2, 3 and 4, the fullerene and the fullerene derivative de-
scribed in the Embodiment 1 can be used. However, in the case where the fullerene derivative is used, the formula
weight of the group bonded to the carbon atom of the spherical shell structure is not limited to 6 or more, but fullerene
hydride may be used though it is difficult to use solely. It is preferred that fullerene hydride is crosslinked to each other
through at least one atom to improve the stability of fullerene hydride.

[0090] The carbonaceous substance used in the Embodiments 2, 3 and 4 may be the same as the carbonaceous
substance used in the Embodiment 1.

[0091] The Embodiments 2, 3 and 4 will be described, respectively, in detail below.

(1) Embodiment 2

[0092] The Embodiment 2 has such a state that the spherical shell structures of the fullerene compound are
crosslinked through at least one atom to form a fullerene layer. In the Embodiment 2, not only the fullerene compound
presenton the surface of the carbonaceous substance are aggregated with each other through van der Waals attraction,
but also the adjacent spherical shell structures of the fullerene compound are crosslinked through at least one atom,
whereby the fullerene layer is improved in strength to provide such an advantage that the fullerene compound is sup-
pressed from being eluted into the electrolyte solution and an organic solvent used upon producing the anode.
[0093] Inthe Embodiment 2, the carbonaceous substance has, on at least a part of the surface thereof, the fullerene
layer containing the fullerene compound.

[0094] One of the characteristic features of the fullerene layer resides in that the spherical shell structures of the
fullerene compound are crosslinked through at least one atom. The term crosslinking referred herein means such a
state that the adjacent fullerene compound molecules are indirectly bonded to each other through a bonding group
having at least one atom, and the fullerene compound may form a dimer or a polymer. The fullerene compound may
also form a linear or network polymer.

[0095] In the case where the adjacent fullerene molecules have the crosslinked structure, the fullerene layer is im-
proved in mechanical strength, and the fullerene compound is suppressed from being eluted to the electrolytic solution
and an organic solvent used upon producing the anode, whereby such a fullerene layer can be obtained that has high
stability in surface treatment effect.

[0096] The amount of the fullerene compound present in the fullerene layer is determined with respect to the surface
area of the carbonaceous substance. Specifically, in the case where the carbonaceous substance is in a powder form,
the amount of the fullerene compound is determined by the surface area measured by BET analysis in the nitrogen
adsorption method. In the invention, the amount of the fullerene compound present in the fullerene layer is preferably
0.01 mg/m2 or more, more preferably 0.1 mg/m2 or more, and further preferably 0.2 mg/m2 or more, per unit area of
the carbonaceous substance. In the case where the amount of the fullerene present is too small, there are some cases
where the effect of the surface treatment cannot be sufficiently obtained. The amount of the fullerene compound is
generally 10 mg/m?2 or less, preferably 5 mg/mZ2 or less, and more preferably 1 mg/m2 or less. In the case where the
amount of the fullerene present is too large, the proportion of the fullerene layer to the carbonaceous substance be-
comes too large, and thus there are some cases where the efficiency of the surface treatment is lowered.

[0097] In the case where the surface area of the carbonaceous substance is difficult to measure, the amount of the
fullerene compound present may be determined in terms of the thickness of the fullerene layer. The thickness is gen-
erally 0.01 nm or more taking such cases into consideration that the surface of the carbonaceous substance is in an
amorphous state or a crystalline state, and the thickness has a distribution. The thickness herein is an average thick-
ness. As the size of one molecule of the fullerene compound is about 1 nm, a thickness less than the molecular size
is determined herein, but there is no inconsistency since an area coverage of 1% means a thickness of 1/100 of the
molecular thickness. The thickness is preferably 0.1 nm or more, and more preferably 1 nm or more.

[0098] The average thickness of the fullerene layer is generally 1 um or less, preferably 100 nm or less, more pref-
erably 20 nm or less, particularly preferably 10 nm or less, and most preferably 5 nm or less. The sufficient effect of
the surface treatment can be obtained with a thickness within the range.

[0099] Separate from the average thickness, the maximum thickness derived from nonuniformity on treatment is
necessarily considered. In the case where a part of the fullerene layer having a particularly large thickness is present
on the surface of the carbonaceous substance, not only the other parts are insufficiently treated, but also it is necessary
to treat with an excessive amount of the fullerene compound. There is such a possibility that the part of the fullerene
layer having a large thickness suffers decrease in permeability of lithium ions to cause increase in resistance. The
maximum thickness is generally 5 times or less, preferably 2 times or less, more preferably 1.5 times or less, and
further preferably 1.2 times or less, the average thickness.

[0100] In the case where the carbonaceous substance is in a powder form, the amount of the fullerene compound
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present may be determined in terms of the weight per the weight of the powder. This is because the definition in terms
of percentage by weight is convenient upon managing the process. Specifically, the amount of the fullerene present
is generally 0.001% by weight or more, preferably 0.005% by weight or more, and more preferably 0.01% by weight
or more. The amount is generally 10% by weight or less, preferably 5% by weight or less, more preferably 3% by weight
or less, further preferably 1% by weight or less, particularly preferably 0.3% by weight or less, and most preferably
0.1% by weight or less.

[0101] Examples of the fullerene compound include fullerene, the fullerene derivative and a mixture of fullerene and
the fullerene derivative, as having been described.

[0102] The bonding group having at least one atom used upon crosslinking the spherical shell structures of the
fullerene compound through at least one atom is not particularly limited as far as the group has divalent or higher
valency, and specific examples thereof include an atom, such as oxygen, sulfur and selenium, a carbonyl group (-CO-),
a carbonyloxy group (-COO-), an imino group (-NH-) and a carbonylimino group (-CO-NH-). These bonding groups
may have another bonding group, such as a methylene group and an ethylene group, for extending the length of the
bonding group.

[0103] Examples thereof also include a group obtained by removing two or more hydrogen atoms from a hydrocarbon
group, for example, an aliphatic hydrocarbon group, such as a methylene group, an ethylene group, a propylene group,
a trimethylene group, a butylene group, an isobutylene group and a neobutylene group, an aromatic hydrocarbon
group, such as a phenylene group and a naphthylene group, and an alicyclic hydrocarbon group, such as a cyclohex-
ylene group.

[0104] Abonding group, for example, an atom, such as oxygen, sulfur and selenium, a carbonyl group, a carbonyloxy
group, an imino group and a carbonylimino group, may be introduced to the aforementioned hydrocarbon groups at
the terminal part, to which the spherical shell structure of the fullerene compound is bonded, for adjusting the structure
depending on purposes and for improving the reactivity. In the aforementioned bonding groups other than the aliphatic
hydrocarbon groups, such a group as a methylene group and an ethylene group may be further introduced for extending
the length of the bonding group.

[0105] Among the bonding groups, oxygen, sulfur, a carbonyl group and an imino group are preferred since they are
industrially easily available and can produce the fullerene layer having a dense structure owing to their relatively simple
and small structures. Oxygen is particularly preferred since crosslinking reaction can be effected through a simple
reaction, such as an oxidation reaction.

[0106] Whether or not the spherical shell structures of the fullerene compound are bonded through at least one atom
can be determined by using infrared spectrometric analysis.

[0107] The fullerene layer in the Embodiment 2 has such a structure that the adjacent spherical shell structures of
the fullerene compound are crosslinked through at least one atom, as having been described, and in addition, such a
site maybe contained that the spherical shell structures are directly bonded through no bonding group. As an example
of the case, the adjacent fullerene compounds are indirectly bonded through oxygen, and simultaneously they are
directly bonded to each other, so as to form a furan structure or a thiolane structure.

[0108] A process for producing the anode material for a lithium secondary battery according to the Embodiment 2
will be described later.

(3) Embodiment 3

[0109] In the Embodiment 3, the spherical shell structure of the fullerene compound is chemically bonded to the
carbonaceous substance through at least one atom to form a fullerene layer. In the Embodiment 3, not only the fullerene
compound constituting the fullerene layer is adsorbed on the carbonaceous substance through van der Waals attrac-
tion, but also the spherical shell structure of the fullerene compound is chemically bonded to the carbonaceous sub-
stance through at least one atom to provide such an advantage that the fullerene compound is suppressed from being
eluted into the electrolyte solution and an organic solvent used upon producing the anode.

[0110] Inthe Embodiment 3, the carbonaceous substance has, on at least a part of the surface thereof, the fullerene
layer containing the fullerene compound.

[0111] Inthe Embodiment 3, the carbonaceous substance has on the surface thereof the fullerene layer containing
the fullerene compound. In the Embodiment 3, the fullerene compound constituting the fullerene layer and the carbon-
aceous substance are chemically bonded to each other through at least one atom, and the carbonaceous substance
preferably has, on the surface thereof, a reactive group, such as a hydroxyl group, a thiol group, and a group having
an unsaturated double bond, e.g., a vinyl group and an allyl group.

[0112] While the spherical shell structure of the fullerene compound is chemically bonded to the carbonaceous sub-
stance through at least one atom in the fullerene layer, preferred ranges of the amount of the fullerene compound
present in the fullerene layer herein are the same as those in the Embodiment 2, and descriptions thereof is omitted.
As the fullerene compound and the bonding group for chemically bonding the spherical shell structure of the fullerene
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compound to the carbonaceous substance through at least one atom used in the Embodiment 3, those described for
the Embodiment 2 can be exemplified.

[0113] However, the bonding group is preferably such a group exerting high reactivity with the group bonded to the
carbonaceous substance from the standpoint of reactivity with the carbonaceous substance. For example, in the case
where a hydroxyl group is bonded to the carbonaceous substance, the bonding group contained in the fullerene com-
pound is preferably a hydroxyl group, a carboxyl group and an isocyanate group. The aforementioned combinations
improve the reaction efficiency.

[0114] Whether or not the spherical shell structure of the fullerene compound is chemically bonded to the carbona-
ceous substance through at least one atom can be determined in the following manner. For example, in the case where
a polar group is bonded to the surface of the carbonaceous substance, and the spherical shell structure of the fullerene
compound is bonded to the carbonaceous substance through the bonding group, the change of the amount of the polar
group on the surface of the carbonaceous substance before and after bonding the spherical shell structure is deter-
mined, by the X-ray photoelectron spectroscopy and so on. In the case where a small amount of the fullerene compound
is dispersed on the surface of the carbonaceous substance (for example, dispersed in a monomolecular level), it can
be considered that the spherical shell structures of the fullerene compound are crosslinked to the surface of the car-
bonaceous substance if the elution amount is small upon carrying out the elution test described later.

[0115] A process for producing the anode material for a lithium secondary battery according to the Embodiment 3
will be described later.

(3) Embodiment 4

[0116] Inthe Embodiment 4, the spherical shell structures of the fullerene compound are crosslinked through at least
one atom, and simultaneously, the spherical shell structures of the fullerene compound are chemically bonded to the
carbonaceous substance through at least one atom.

[0117] Accordingly, the anode material for a lithium secondary battery of the Embodiment 4 is a layered structure
having a carbonaceous substance and a fullerene layer containing a fullerene compound formed on the surface of the
carbonaceous substance, and one of the characteristic features thereof is that it has both the structure where the
spherical shell structures of the fullerene compound are crosslinked through at least one atom (Embodiment 2) and
the structure where the spherical shell structures of the fullerene compound are chemically bonded to the carbonaceous
substance through at least one atom (Embodiment 3).

[0118] In this case, the structure having the spherical shell structures of the fullerene compound crosslinked and the
structure having the spherical shell structures chemically bonded to the carbonaceous substance may be catenated
to or separated from each other.

[0119] In the Embodiment 4, the fullerene compound constituting the fullerene layer is crosslinked to each other or
is chemically bonded to the carbonaceous substance, whereby the fullerene compound can be suppressed from being
eluted into the electrolyte solution and an organic solvent used upon producing the anode.

[0120] The Embodiment 4 uses the Embodiment 2 and the Embodiment 3 in combination, and the fullerene layer
used is as those described for the Embodiment 2 and the Embodiment 3. However, as the bonding group having at
least one atom, it is preferred that one kind thereof having high reactivity to both the spherical shell structure of the
fullerene compound and the carbonaceous substance is used, or two or more kinds thereof having high reactivity to
them, respectively, are used in combination. Preferred examples of the bonding group having high reactivity to both
of them include an oxygen atom.

A-3. Embodiment 5

[0121] Inthe Embodiment 5, the fullerene derivative having a group having a formula weight of 6 or more is present
on the surface of the carbonaceous substance, and simultaneously, the spherical shell structures of the fullerene com-
pound are bonded through at least one atom, and the spherical shell structure of the fullerene compound is chemically
bonded to the carbonaceous substance. In other words, the Embodiment 5 is such an embodiment that appropriately
uses the Embodiment 1, the Embodiment 2 and the Embodiment 3 in combination.

[0122] In the fullerene compound present on the surface of the carbonaceous substance in the Embodiment 5, the
prescribed fullerene derivative may be present as single bodies (in a monomolecular state or a state where plural
molecules are aggregated), the fullerene derivative may be bonded to another fullerene compound (which may be
fullerene or the same or different fullerene compound) through at least one atom, or the fullerene derivative may be
bonded to the carbonaceous substance through at least one atom.

[0123] As the carbonaceous substance and the fullerene compound used in the Embodiment 5, the same ones as
in the Embodiment 1 can be preferably used. As the fullerene layer, the same ones as in the Embodiment 2 and the
Embodiment 3 can be preferably used.
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A-4. Elution Amount of Fullerene Compound

[0124] The anode material for a lithium secondary battery of the invention can be effectively suppressed in elution
amount of the fullerene compound into an organic solvent, particularly by employing the constitutions shown in the
Embodiments 2 to 5. In order to enable applications to lithium secondary batteries for various purposes, it is preferred
that the elution amount of the fullerene compound per unit weight of the cathode material for a lithium secondary battery
of the invention having the fullerene compound present on the surface of the carbonaceous substance is 2 mg/g or less.
[0125] For example, in the Embodiments 2 to 5, the fullerene compound is crosslinked and/or is chemically bonded
to the surface of the carbonaceous substance to improve the solvent resistance and the mechanical characteristics
thereby. In the case of immersing in a solvent, it is preferred that the crosslinked fullerene compound present on the
surface and/or the fullerene compound chemically bonded to the surface of the carbonaceous substance are completely
not eluted. In actual cases, however, there are some cases where a part of the fullerene compound thus treated is
eluted to an organic solvent because there are such site that are insufficient in crosslinking or chemical bonding, and
a mild crosslinking condition is necessarily employed depending on the species of the carbonaceous substance, and
the elution amount in this case is preferably 2 mg/g or less per unit weight of the anode material for a lithium secondary
battery. The elution amount per unit weight is such a value that varies depending on the treated amount and the specific
surface area of the carbonaceous substance. Upon considering the practical use conditions of the lithium secondary
battery, (1) the composition thereof is generally determined on weight basis, and (2) the eluted components not only
fail to exert the primary effect, but also cause a possibility of impairing the performance by attaching to the other
components. Therefore, the elution amount per unit weight is preferably a certain amount or less for stable applications
of the carbonaceous substance thus treated. The elution amount is more preferably 1.5 mg/g or less, further preferably
1.3 mg/g or less, particularly preferably 1.0 mg/g or less, and most preferably 0. 5 mg/g or less.

[0126] On the other hand, it is also important to comprehend the amount of the fullerene compound remaining as
being present on the carbonaceous substance after the test. Specifically, the amount of the fullerene compound re-
maining as being present on the carbonaceous substance is preferably determined with respect to the surface area
of the carbonaceous substance from the standpoint of effectiveness of the treatment. This is because from the stand-
point of the treatment effected by covering the surface, a preferred treated state with the fullerene compound can be
determined by estimating the amount per unit area.

[0127] Specifically, in the case where the carbonaceous substance is in a particle form (powder), the amount of the
fullerene compound remaining on the surface of the carbonaceous substance after carrying out the test is 0.01 mg/m?2
or more, preferably 0.1 mg/m2 or more, and more preferably 0.2 mg/m2 or more, with respect to the surface area
measured BET analysis in the nitrogen adsorption method. In the case where the amount is too small, the effect of the
surface treatment becomes insufficient.

[0128] The test method for examining the elution amount in the invention is as follows.

[Test Method]
[0129]

(1) 0.1 g of the anode material for a lithium secondary battery is dissolved in 2 mL of a trimethylbenzene (which
is sometimes referred to as TMB in this specification) solvent or an N-methylpyrrolidone (which is sometimes
referred to as NMP in this specification) solvent to prepare a sample solution.

(2) The sample solution is allowed to stand at an ordinary temperature (25 £ 5°C) and an ordinary humidity (50 +
15%RH) for 24 hours.

(3) A supernatant fluid of the sample solution thus allowed to stand is recovered, and a content of the fullerene
compound contained in the supernatant fluid is measured.

(4) The measured value is converted to a total elutionamount of the sample solution, and the converted value is
divided by 0.1 g.

[0130] The measuring method of the content of the fullerene compound in the item (3) of the aforementioned test
method is not particularly limited, and for example, it can be measured by evaporating the solvent of the supernatant
fluid by drying and measuring the weight of the residue.

[0131] Inthe case where the content of the fullerene compound in the fullerene layer is previously known, the elution
ratio (%) of the fullerene compound to the solvent can be calculated in such a manner that in the item (3) of the test
method, the total elution amount in 2 mL of the trimethylbenzene solvent or an N-methylpyrrolidone solvent is calculated
and then divided by the content of the fullerene compound. The elution ratio is preferably 80% or less, more preferably
50% or less, more preferably 40% or less, and particularly preferably 25% or less.

[0132] Other specific examples of the method for measuring the content of the fullerene compound contained in the
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supernatant fluid in the item (3) of the test method include a method by ultraviolet-visible absorption analysis. As a
specific method of the ultraviolet-visible absorption analysis, for example, the supernatant fluid obtained in the item
(3) of the test method is collected and the concentration of the eluted component is quantitatively determined by ultra-
violet-visible absorption analysis. The concentration can be determined by previously preparing a calibration curve.
The method by absorption analysis also has such an advantage that the change in molecular structure can be com-
prehended by the shape of the spectrum. For example, in the case where the concentration of the supernatant fluid is
determined as 0.5 mg/mL, it can be determined that 1 mg of the component is eluted from the powder since the amount
of the solvent is 2 mL, and the elution amount can be calculated as 10 mg/g since the weight of the cathode material
for a lithium secondary battery is 0.1 g.

[0133] In this method, it is preferred that the amounts of anode material for a lithium secondary battery and the
solvent are determined in such a manner that the measurement can be easily carried out depending on the method
of detection. The elution amount is finally calculated as an elution weight per unit weight of the anode material for a
lithium secondary battery, and therefore, there is no large influence on the measurement effect if the amounts of the
anode material for a lithium secondary battery and the solvent are changed. However, it is preferred that the amount
of the solvent is as large as it can sufficiently dissolve the expected elution amount.

[0134] TMB or NMP is preferred as the solvent, other solvents may be used depending on necessity of the quantitative
determination method. In this case, compensation is carried out taking the difference in solubility in TMB or NMP into
consideration, whereby the effect of the invention can be ensured.

[0135] Itis possible that solvents may be selected depending on the species of the fullerene compound used. For
example, TMB is used in the case where the fullerene compound before crosslinking or chemically bonding is an
unmodified fullerene (such as Cgy and Cyg), a fullerene derivative having an alkyl group or a fullerene derivative having
an aromatic group. NMP can dissolve Cgy and C;o while it is a polar solvent, and thus NMP can be used as the solvent
in the case where Cg or C, is used as the fullerene compound before crosslinking or chemically bonding. NMP is
preferably used in the case of a fullerene compound having a polar group.

B. Process for producing Anode Material for Lithium Secondary Battery

[0136] The process for producing the anode material for a lithium secondary battery used in the invention is not
particularly limited as far as the aforementioned embodiments can be attained.

[0137] As an example of the process for producing the anode material for a lithium secondary battery used in the
invention, a process for producing an anode material for a lithium secondary battery having a fullerene compound is
present in a monomolecular form or an aggregated form of molecules on a surface of a carbonaceous substance as
in the Embodiment 1 (hereinafter, the production process is sometimes referred to as "Production Process 1") will be
described below.

[0138] Subsequently, a process for producing an anode material for a lithium secondary battery according to the
Embodiments 2 to 4 (hereinafter, the production process is sometimes referred to as "Production Process 2") will be
described. The Production Process 2 relates to a process for producing an anode material for a lithium secondary
battery having a fullerene compound with spherical shell structures thereof crosslinked with each other through at least
one atom, a process for producing an anode material for a lithium secondary battery having a fullerene compound with
a spherical shell structure thereof chemically bonded to a surface of a carbonaceous substance through at least one
atom, or a process for producing an anode material for a lithium secondary battery having a fullerene compound with
spherical shell structures thereof crosslinked with each other through at least one atom and the spherical shell structures
of the fullerene compound being chemically bonded to a surface of a carbonaceous substance through at least one
atom.

[0139] The anode material for a lithium secondary battery of the Embodiment 5 is a combination of the Embodiments
1, 2 and 3, and therefore, the production process thereof may be obtained by appropriately combining the following
Production Process 1 and Production Process 2. For example, the Production Process 2 is carried out, and the Pro-
duction Process 1 is carried out.

B-1. Production Process 1

[0140] Inthe Production Process 1, the fullerene derivative having a group having a formula weight of 6 or more (the
fullerene derivative is simply referred to as a "fullerene compound” in this item "B-1") is made present on the surface
of the carbonaceous substance.

[0141] Examples of the method for making the fullerene compound present on the surface of the carbonaceous
substance include such various methods as a gas phase process, in which the fullerene compound in a gas state is
made present on the carbonaceous substance, a liquid phase process, in which the fullerene compound and the car-
bonaceous substance are dissolved or dispersed in a solvent to make present on the surface of the carbonaceous

14



10

15

20

25

30

35

40

45

50

55

EP 1 548 862 A1

substance, and a solid phase process, in which the fullerene compound in a sold state is made in contact with the
carbonaceous substance in a solid state to effect surface modification. Among these methods, the most convenient
method is the liquid phase process.

(Liquid Phase Process)

[0142] Specific examples of the liquid phase process include such a method that a solution having the fullerene
compound dissolved therein is mixed with the carbonaceous substance, and after stirring for a prescribed period of
time, the solution is removed by decantation, followed by drying, to obtain processed powder. In this method, there is
such a strong tendency that the surface modification is attained by adsorption effect of the fullerene compound to the
carbonaceous substance, and the modification amount is limited to a significantly small amount. While the method is
convenient, the surface modification amount of the carbonaceous substance with the fullerene compound is difficult
to comprehend due to the unreacted fullerene compound remaining in the solvent removed by decantation.

[0143] Other specific examples of the liquid phase process include such a method that a solution having the fullerene
compound dissolved therein is putinto the carbonaceous substance in an amount providing a desired surface treatment
rate, and after stirring, the solvent is removed by evaporation to obtain processed powder. In this method, the fullerene
compound thus put is entirely used for the surface modification to provide such an advantage that the modification
amount can be easily controlled.

[0144] After the liquid phase reaction, the solvent is removed by spontaneously drying or drying by heating to a
prescribed temperature to obtain an anode material for a lithium secondary battery having a carbonaceous substance
having present on the surface thereof the fullerene compound.

(Solid Phase Reaction)

[0145] Specific examples of the solid phase process for the case where the carbonaceous substance is in a powder
form include such a method that the carbonaceous substance is mixed with the fullerene compound in a fine particle
form and stirring and shearing at high speed to make the fullerene compound present on the surface of the carbona-
ceous substance. The method can be classified depending on the stirring method into the jet-mill method, in which the
particles are made collide with each other in airflow, and a planetary stirring method, in which powder having a relatively
high density is strongly stirred with blades.

(Gas Phase Reaction)

[0146] Specific examples of the gas phase process for the case where the carbonaceous substance is in a powder
form include the so-called vacuum deposition method, in which the fullerene compound is sublimated by heating pref-
erably in vacuum and accumulated on the surface of the carbonaceous substance disposed as opposite thereto.

B-2. Production Process 2

[0147] In the Production Process 2, for example, after making the fullerene compound present on the surface of the
carbonaceous substance, the fullerene layer may be formed by crosslinking or chemically bonding, and a part or the
whole of the fullerene compound may be previously crosslinked and then made present on the surface of the carbon-
aceous substance. The anode material is preferably produced by the following process.

[0148] The process for producing an anode material for a lithium secondary battery according to the Production
Process 2 is a process for producing an anode material for a lithium secondary battery, the anode material having a
carbonaceous substance having on a surface thereof a fullerene layer containing a fullerene compound, characterized
by having:

a fullerene compound supporting step of making the fullerene compound present on the surface of the carbona-
ceous substance; and

at least one step of: a crosslinking step of crosslinking spherical shell structures of the fullerene compound through
at least one atom; and a chemically bonding step of chemically bonding a spherical shell structure of the fullerene
compound to the surface of the carbonaceous substance through at least one atom. The steps will be described
in detail below.

(1) Fullerene Compound Supporting Step

[0149] In the fullerene compound supporting step, the fullerene compound is made present on the surface of the
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carbonaceous substance. As the carbonaceous substance and the fullerene compound, those that are the same as
in the aforementioned anode material for a lithium secondary battery can be used.

[0150] The method for making the fullerene compound on the surface of the carbonaceous substance is not partic-
ularly limited as far as the fullerene compound can be present uniformly on the surface of the carbonaceous substance.
Examples thereof include a gas phase process, in which the fullerene compound in a gas state is made present on
the carbonaceous substance, a liquid phase process, in which the fullerene compound and the carbonaceous sub-
stance are dissolved or dispersed in a solvent to make present on the surface of the carbonaceous substance, and a
solid phase process, in which the fullerene compound in a sold state is made in contact with the carbonaceous sub-
stance in a solid state to effect surface modification. Among these methods, the most convenient method is the liquid
phase process.

(Liquid Phase Process)

[0151] Specific examples of the liquid phase process for the case where the carbonaceous substance is in a powder
form include such a method that a solution having the fullerene compound dissolved therein or a dispersion liquid
having the fullerene compound dispersed therein is mixed with the p carbonaceous substance, and after stirring for a
prescribed period of time, the solution is removed by decantation, followed by drying, to obtain a processed carbona-
ceous substance (processed powder). In this method, the fullerene compound adsorbed to the surface of the carbon-
aceous substance is basically molecules treating the surface of the carbonaceous substance while depending on the
extent of the removal of the solution by decantation. A monomolecular adsorption layer can be relatively easily formed
by adsorption of the molecules from the solution, and the surface nature can be significantly effectively modified even
with an extremely small amount of the fullerene present on the surface of the carbonaceous substance.

[0152] Other specific examples of the liquid phase process for the case where the carbonaceous substance is in a
powder form include such a method that a solution having the fullerene compound dissolved therein or a dispersion
liquid having the fullerene compound dispersed therein is put into the carbonaceous substance in an amount providing
a desired surface treatment rate, and after stirring, the solvent is removed by evaporation to obtain a processed car-
bonaceous substance (processed powder). In this method, the fullerene compound thus put is entirely used for the
surface treatment of the carbonaceous substance to provide such an advantage that the amount of the fullerene com-
pound present on the surface of the carbonaceous substance can be easily controlled. It is also convenient from the
standpoint of process since the powder to be treated and the solution of the fullerene compound are simply put in a
vessel, followed by drying as they are. In this method, it is preferred that the system is adjusted under consideration
of the species of the solvent, the drying conditions, the concentration of the fullerene compound, the total amount of
the fullerene compound with respect to the carbonaceous substance, and the like. This is because there are cases
where the fullerene compound is separately precipitated, and after the treatment, an excessive fullerene compound is
deposited in a large amount on the surface of the carbonaceous substance.

[0153] Specific examples of the liquid phase process for the case where the carbonaceous substance is in a powder
form also include the so-called spray drying method, in which the carbonaceous substance in a powder form is mixed
by spraying in a solution having the fullerene compound dissolved therein or a dispersion liquid having the fullerene
compound dispersed therein, followed by drying. This method can reduce the necessary amount of the solvent and
can be carried out as a continuous process, and thus it is excellent in productivity.

(Solid Phase Process)

[0154] Specific examples of the solid phase process for the case where the carbonaceous substance is in a powder
form include such a method that the carbonaceous substance is mixed with the fullerene compound in a fine particle
form and stirring and shearing at high speed to make the fullerene compound present on the surface of the carbona-
ceous substance. The method can be classified depending on the stirring method into the jet-mill method, in which the
particles are made collide with each other in airflow, and a planetary stirring method, in which powder having a relatively
high density is strongly stirred with blades.

(Gas Phase Process)
[0155] Specific examples of the gas phase process for the case where the carbonaceous substance is in a powder

form include the so-called vacuum deposition method, in which the fullerene compound is sublimated by heating pref-
erably in vacuum and accumulated on the surface of the carbonaceous substance disposed as opposite thereto.
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(2) Crosslinking Step or Chemically Bonding Step

[0156] The Production Process 2 has at least one of the crosslinking step and the chemically bonding step. These
steps may be carried out sequentially, or these steps may be carried out simultaneously. In the case where they are
carried out sequentially, the order thereof is not particularly limited. In the case where they are carried out simultane-
ously, for example, it is possible that these steps are carried out simultaneously under the same heating treatment
conditions. The respective steps will be described below.

(Crosslinking Step)

[0157] In the crosslinking step, the spherical shell structures of the fullerene compound present on the surface of
the carbonaceous substance are crosslinked through at least one atom.

[0158] Inthe case where the fullerene compound made presentin the aforementioned fullerene compound supporting
step does not have a crosslinking functional group, the fullerene compound can be crosslinked by making in contact
with a compound having a crosslinking functional group (hereinafter, referred to as an addition reaction).

[0159] Examples of the compound for effecting the addition reaction include a compound having oxygen, sulfur and
at least two crosslinking functional groups. From the standpoint of reactivity, a compoundhaving oxygen, sulfur and at
least two crosslinking functional groups at the ends thereof is preferred.

[0160] Examples of the crosslinking functional group include a mercapto group, an amino group, a carboxyl group,
an isocyanate group, an epoxy group, a vinyl group and an acrylic group. These functional groups may be used solely
or in combination of two or more kinds of them.

[0161] The compound having at least two crosslinking functional groups preferably has a low molecular weight for
improving the surface treating effect of the fullerene compound, and specifically, the molecular weight thereof is pref-
erably 40 or more, and particularly preferably 50 or more, and is preferably 200 or less, and particularly preferably 100
or less. In the case where the molecular weight is in the range, the distance between the fullerene compounds or the
distance between the fullerene compound and the substrate bonded thereto is shortened to make a fullerene layer
having a dense structure.

[0162] Specific examples of the method for crosslinking by the addition reaction include such a method that a divalent
amine, such as diaminopropylene, is made in contact with fullerene in a gas phase to effect crosslinking through chem-
ical reaction between the amine and fullerene. Other examples thereof include such a method that oxygen is added
to fullerene by heat oxidation, contact with ozone or treatment with an oxidative substance, so as to effect crosslinking
by an ether bond.

[0163] Among these, the method of crosslinking the spherical shell structures of the fullerene compound through an
ether bond containing an oxygen atom is preferred since industrial production can be easily made.

[0164] In the case where the fullerene compound originally has a crosslinking functional group, on the other hand,
it can be crosslinked through the bonding reaction of the groups. The reaction by contacting a compound having a
crosslinking functional group may further be used in combination.

[0165] Examples of the crosslinking functional group contained in the fullerene compound include a sulfur atom, an
oxygen atom, a hydroxyl group, a mercapto group, an amino group, a carboxyl group, an isocyanate group, a vinyl
group and an acrylic group.

[0166] Specific examples of the method for crosslinking by the bonding reaction include such a method that the
fullerene compound having a hydroxyl group is crosslinked by a condensation reaction, and in this method, a dehy-
dration reaction of the hydroxyl groups of the fullerene compounds adjacent to each other is effected to crosslink them
through an ether bond. The fullerene compound having a hydroxyl group is preferably a fullerenol compound obtained
by bonding a hydroxyl group directly to Cgq or Cq.

[0167] The number of the hydroxyl groups in one molecule of the fullerene compound is generally 2 or more, pref-
erably 4 or more, and more preferably 6 or more. In the case where the number of the hydroxyl groups is too small,
the number of the crosslinking bonds is small, whereby there are some cases where the sufficient elution suppression
effect of the fullerene compound cannot be obtained. The number of the hydroxyl groups is generally 70 or less, pref-
erably 36 or less, and more preferably 20 or less. In the case where the number of the hydroxyl groups is too large,
the spherical shell structure of the fullerene compound is instabilized, and the electron state is changed, whereby there
are some cases where the surface treatment effect of the fullerene compound is lost depending on purposes. A large
number of sites, to which hydroxyl groups are introduced, are present in the fullerene compound, and the hydroxyl
groups may be randomly bonded to the carbon atoms constituting the spherical shell structure of the fullerene com-
pound. It is preferred that the hydroxyl groups are uniformly present.

[0168] There are cases where the number of hydroxyl groups introduced is different depending on the fullerene
compound, but such a state causes no problem. It is preferred that the number of introduction is distributed in a narrow
range with the average value as the center.
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[0169] The crosslinking step can be effected by a heat treatment (which includes thermal oxidation in some cases),
an ultraviolet ray irradiation treatment, an electron beam irradiation treatment and the like, and the heat treatment is
preferred owing to the simpleness thereof.

[0170] The heating temperature is generally 60°C or more, preferably 100°C or more, more preferably 120°C or
more, and most preferably 200°C or more, while it depends on the treating conditions. In the case where thermal
oxidation is effected, the temperature is generally 0°C or more, preferably 100°C or more, more preferably 250°C
ormore, and most preferably 300°C or more. This is because there are some cases where the crosslinking cannot be
sufficiently effected when the temperature is too low. The temperature is generally 1,500°C or less, preferably 1,000°C
or less, more preferably 500°C or less, and most preferably 400°C or less. In the case where the temperature is too
high, there are some cases where the spherical shell structure of the fullerene compound is broken, and the fullerene
compound is burnt out when thermal oxidation is effected.

[0171] The period of time for heating is generally 1 minute or more, preferably 10 minutes or more, more preferably
30 minutes or more, and most preferably 1 hour or more, while it varies depending on the treating conditions. This is
because there are some cases where the crosslinking cannot be sufficiently effected when the period is too short. The
period of time is generally 24 hours or less, preferably 12 hours or less, more preferably 6 hours or less, and most
preferably 4 hours or less. In the case where the period is too long, there are some cases where the spherical shell
structure of the fullerene compound is broken, and the fullerene compound is burnt out when thermal oxidation is
effected, whereby the production efficiency is deteriorated.

[0172] The atmosphere thereon is preferably an inert atmosphere. Examples of the inert atmosphere include nitro-
gen, a rare gas and vacuum, and preferably nitrogen and vacuum. In the case where thermal oxidation is effected, air
or oxygen is used. The pressure is generally 10-5 atm or more, while it varies depending on the treating conditions.
The pressure is preferably as low as possible when a vacuum atmosphere is used, and under consideration of pro-
ductivity, such a range that can be depressurized by an ordinary oil rotary pump or aspirator is practically used. The
pressure is generally 10 atmor less, preferably 1.1 atm or less, and more preferably 1 atm or less. This is because
there are some cases where removal of water thus dehydrated is delayed or becomes insufficient when the pressure
is too high.

[0173] The oxygen pressure upon effecting thermal oxidation is generally 10-5 atm or more, preferably 10-3 atm or
more, more preferably 0.1 atm or more, and most preferably the atmospheric pressure, while it varies depending on
the treating conditions. This is because in the case where the oxygen pressure is too low, there are some cases where
oxidation cannot proceed sufficiently, whereby the fullerene compound is not crosslinked, or the crosslinking rate is
lowered to deteriorate the productivity. The pressure is generally 10 atm or less, preferably 1 atm or less, more pref-
erably 0.3 atm or less, and most preferably the oxygen partial pressure in the air (about 0.2 atm). This is because it is
necessary to consider the explosion safety and the production equipments in the case where the oxygen pressure is
too high.

(Chemically Bonding Step)

[0174] Inthe chemically bonding step, the spherical shell structure of the fullerene compound present on the surface
of the carbonaceous substance is chemically bonded to the carbonaceous substance through at least one atom.
[0175] As the method for chemically bonding, the same procedures as described for the crosslinking step can be
used.

[0176] Specifically, in the case where the fullerene compound present in the fullerene compound supporting step or
the carbonaceous substance does not originally have a chemically bonding functional group, the chemical bonding
can be effected by making the fullerene compound or the carbonaceous substance into contact with a compound
having a chemically bonding functional group.

[0177] Inthe case where the fullerene compound or the carbonaceous substance originally has a chemically bonding
functional group, the chemical bonding can be effected by bonding reaction of these groups or by an addition reaction
in combination.

[0178] The compound for making in contact therewith for effecting the addition reaction is not particularly limited as
far as it is a compound having at least two chemically bonding functional groups. Examples of the chemically bonding
functional group include a mercapto group, an amino group, a carboxyl group and an isocyanate group. These functional
groups may be used solely or in combination of two or more kinds of them.

[0179] The compound having the functional group preferably has a low molecular weight for improving the surface
treating effect of the fullerene compound, and specifically, the molecular weight thereof is preferably 40 or more, and
particularly preferably 50 or more, and is preferably 200 or less, and particularly preferably 100 or less. In the case
where the molecular weight is in the range, the distance between the fullerene compounds or the distance between
the fullerene compound and the substrate bonded thereto is shortened to make a fullerene layer having a dense struc-
ture.
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[0180] Such a method also can be exemplified that oxygen is added to the fullerene compound or the carbonaceous
substance by effecting thermal oxidation, contact with ozone or treatment with an oxidative substance to make chemical
bonding through an ether bond, and among these, thermal oxidation is preferably used.

[0181] Examples of the method for chemically bonding through bonding reaction include such a method that con-
densation reaction (dehydration reaction) of the fullerene compound and the carbonaceous substance having a hy-
droxyl group is effected to make chemical bonding through an ether bond. Preferred examples of the fullerene com-
pound having a hydroxyl group is the same as those described in the crosslinking reaction.

[0182] The chemically bonding step can be effected by a heat treatment (which includes thermal oxidation in some
cases), an ultraviolet ray irradiation treatment, an electron beam irradiation treatment and the like, and the heat treat-
ment is preferred owing to the simpleness thereof. The preferred treating conditions are the same as those described
for the crosslinking step.

C. Cathode for Lithium Secondary Battery and Lithium Secondary Battery

[0183] A carbonaceous substance is generally used as an anode active material, which absorbs and releases lithium.
In the invention, the anode material for a lithium secondary battery containing a carbonaceous substance having
present on the surface thereof the fullerene compound is used, and the fullerene compound and the carbonaceous
substance are mutually reacted, whereby the absorbing and releasing amounts of lithium on the surface of the car-
bonaceous substance as an anode active material are changed to improve the capacity of the battery and the initial
efficiency of the battery.

[0184] The anode for a lithium secondary battery containing the anode material for a lithium secondary battery of
the invention and the lithium secondary battery using the anode will be described below.

[0185] In the invention, the anode for a lithium secondary battery containing a carbonaceous substance having
present on the surface thereof the fullerene compound is used for producing an anode for a lithium secondary battery.
[0186] The lithium secondary battery herein generally has an ordinary form, i.e., battery elements including a cathode
and an electrolyte, as well as the anode, are housed in a housing.

[0187] The anode generally contains an active material layer formed of the anode material, formed on a current
collector. That is, the active material layer contains at least an anode active material containing a carbonaceous sub-
stance having present on the surface thereof the fullerene compound, and in general, it has a binder and, depending
on necessity, an additive, such as an electroconductive agent, in addition to the materials.

[0188] The proportion of the anode active material in the active material layer is generally 10% by weight or more,
more preferably 30% by weight or more, and more preferably 50% by weight or more, and is generally 99% by weight
or less, and preferably 98% by weight or less. In the case where the amount of the active material is too large, there
is such a tendency that the mechanical strength of the electrode is deteriorated, and in the case where it is too small,
there is such a tendency that the battery performance, such as the capacity, is deteriorated.

[0189] Itis necessary that the binder used in the active material layer is stable to the electrolyte solution and the like,
and various materials are used from the standpoint of weather resistance, chemical resistance, heat resistance, flame
resistance and the like. Specific examples thereof include an inorganic compound, such as silicate and glass; an alkane
polymer, such as polyethylene, polypropylene and poly-1,1-dimethylethylene; an unsaturated polymer, such as polyb-
utadiene and polyisoprene; a polymer having a cyclic structure in the polymer chain, such as polystyrene, polymeth-
ylstyrene, polyvinylpyridine and poly-N-vinylpyrrolidone; and a cellulose compound, such as methyl cellulose and car-
boxymethyl cellulose.

[0190] Other specific examples thereof include an acrylic derivative polymer, such as polymethyl methacrylate, pol-
yethyl methacrylate, polybutyl methacrylate, polymethyl acrylate, polyethyl acrylate, polyacrylic acid, polymethacrylic
acid and polyacrylamide; a fluorine resin, such as polyvinyl fluoride, polyvinylidene fluoride and polytetrafluoroethylene;
a CN group-containing polymer, such as polyacrylonitrile and polyvinyldene cyanide; a polyvinyl alcohol polymer, such
as polyvinyl acetate and polyvinyl alcohol; a halogen-containing polymer, such as polyvinyl chloride and polyvinylidene
chloride; and an electroconductive polymer, such as polyaniline.

[0191] A mixture, a modified product, a derivative, a random copolymer, an alternating copolymer, a graft copolymer
and a block copolymer of the aforementioned polymers may be used. The weight average molecular weight of the
resin is generally from 10, 000 to 3,000,000, and preferably about from 100,000 to 1,000,000. In the case where the
weight average molecular weight is too small, there is such a tendency that the strength of the coated film is lowered.
Inthe case where itis too large, on the other hand, there are such cases that the paint for forming a cathode is increased
in viscosity to make the formation of the electrode difficult. Preferred examples of the binder resin include a fluorine
resin and a CN group-containing polymer, and more preferably polyvinylidene fluoride.

[0192] The using amount of the binder is generally 0.1 part by weight or more, and preferably 1 part by weight or
more, and is generally 30 parts by weight or less, preferably 20 parts by weight or less, and more preferably 10 parts
by weight or less, per 100 parts by weight of the anode active material. In the case where the amount of the binder is
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too small, there is such a tendency that the strength of the active material layer is lowered, and in the case where the
amount of the binder is too large, there is such a tendency that the capacity of the battery is lowered.

[0193] The active material layer may contain, depending on necessity, an electroconductive material, an additive
exerting various functions, such as a reinforcing material, powder and a filler.

[0194] As the current collector used as the anode, various materials that cause no electrochemical problem, such
as elution, and can function as a current collector of a battery can be used, and in general, a metal and an alloy, such
as copper, nickel and stainless steel, are used. Copper is preferably used. Examples of the shape of the current collector
include a plate form and a mesh form. The thickness of the current collector is generally 0.1 um or more, and preferably
1 um or more, and is generally 100 um or less, preferably 30 um or less, and more preferably 20 um or less. In the
case where it is too thin, there is such a tendency that the mechanical strength is lowered to cause a problem on
production. In the case where it is too thick, the overall capacity of the battery is lowered. In order to reduce the weight
of the secondary battery, i.e., in order to improve the weight energy density, a perforated carbonaceous substance,
such as an expanded metal and a punching metal, may be used. In this case, the weight can be freely changed by
changing the aperture ratio. In the case where contact layers are formed on both surfaces of the perforated carbona-
ceous substance, there is such a tendency that the coated films are further suppressed from being released by the
riveting effect of the coated films through the apertures, but in the case where the aperture ratio is too large, there are
some cases where the adhesion strength is rather decreased since the contact area between the coated films and the
carbonaceous substance is decreased. Furthermore, in order to improve the adhesion property with the active material
layer, the surface of the current collector may be previously subjected to a surface roughening treatment. Examples
of the method for roughening the surface include a blast treatment, a method of rolling with a roll with a roughened
surface, a mechanical grinding method of grinding the surface of the current collector with a grinding cloth having
abrasive particles fixed thereon, grinding stone, emery buff, a wire brush having copper wires, and the like, an electrolyte
grinding method, and a chemical grinding method.

[0195] The anode containing the current collector having thereon the active material layer can be produced in such
a manner that the anode material for a lithium secondary battery is dissolved in a solvent capable of dissolving the
binder to form a dispersed paint, and paint is coated on the current collector, followed by drying'.

[0196] Examples of the solvent used upon forming the active material layer include an organic solvent, such as N-
methylpyrrolidone and dimethylformamide, and an aqueous solvent, such as water, and preferably N-methylpyrro-
lidone. The concentration of the solvent in the paint is more than 10% by weight, generally 20% by weight or more,
preferably 30% by weight or more, and more preferably 35% by weight or more. The upper limit thereof is generally
90% by weight or less, and preferably 80% by weight or less. In the case where the solvent concentration is too small,
there are some cases where coating is difficultly carried out, and in the case where it is too large, there are some cases
where the thickness of the coated film is difficult to increase, and the stability of the paint is deteriorated.

[0197] An ordinary dispersing machine can be used for dispersing the paint, and a planetary mixer, a ball mill, a sand
mill, a biaxial kneading machine and the like may be used.

[0198] The coating machine for coating the paint on the current collector is not particularly limited, and preferred
examples thereof include a slide coater, an extrusion type die coater, a reverse roll, a gravure coater, a knife coater,
a kiss coater, a microgravure coater, a rod coater and a blade coater, preferably a die coater, a blade coater and a
knife coater, and most preferably an extrusion type die coater under consideration of the viscosity of the paint and the
thickness of the coated film, and a blade coater from the standpoint of convenience.

[0199] After coating the paint on the current collector, the coated film is dried, for example, at a temperature of 120°C
for a period of about 10 minutes to form the active material layer.

[0200] The thickness of the active material layer is generally 10 um or more, and more preferably 20 um or more,
and is generally 200 um or less, and preferably 150 um or less. In the case where the thickness of the active material
layer is too thin, the capacity of the battery is too small. In the case where it is too thick, on the other hand, the rate
characteristics are lowered.

[0201] The electrolyte used in the lithium secondary battery is generally formed by dissolving a lithium salt as a
supporting electrolyte in a nonaqueous solvent.

[0202] As the nonaqueous solvent, a solvent having a relatively high dielectric constant is preferably used. Specific
examples thereof include a cyclic carbonate compound, such as ethylene carbonate and propylene carbonate, a non-
cyclic carbonate, such as dimethyl carbonate, diethyl carbonate and ethylmethyl carbonate, a glyme compound, such
as tetrahydrofuran, 2-methyltetrahydrofuran and dimethoxyethane, a lactone compound, such as y-butyrolactone, a
sulfur compound, such as sulfolane, and a nitrile compound, such as acetonitrile. The nonaqueous solvent may be
used in combination of plural kinds thereof.

[0203] The nonaqueous solvent preferably has a viscosity of 1 mPa-s or more.

[0204] Examples of the lithium salt as the supporting electrolyte contained in the electrolyte solution include LiPFg,
LiAsFg, LiSbFg, LiBF4, LiCIO,, Lil, LiBr, LiCl, LiAICI, LiHF,, LiSCN and LiSO;CF,. Among these, LiPFg and LiClO, are
particularly preferred. The content of the supporting electrolyte in the electrolyte solution is generally from 0.5 to 2.5
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mole/L.

[0205] Various kinds of additives may be added to the electrolyte solution forimproving the performance of the battery
depending on necessity.

[0206] The electrolyte is present in the cathode and the anode and between the cathode and the anode, and it is
preferred that a support, such as a porous film, is inserted between the cathode and the anode for preventing the
cathode and the anode from forming short circuit. As the porous film, a film formed of a polymer resin and a thin film
formed of powder and a binder are preferably used, and a porous film formed of polyethylene, polypropylene or the
like is more preferred.

[0207] The cathode of the lithium secondary battery generally has a current collector having thereon a cathode active
material layer containing a cathode active material. Examples of the cathode active material used include a complex
oxide of lithium and a transition metal, and specific examples thereof include a lithium-nickel complex oxide, such as
LiNiO, and LiNiCoO,, a lithium-cobalt complex oxide, such as LiCoO,, and a lithium-manganese complex oxide, such
as LiMn,O,. The transition metal site of the complex oxide may be partially substituted by another element. The lithium-
transition metal complex oxide can be improved in stability of the crystalline structure by substituting a part of the
transition metal by another element. Examples of the element substituting a part of the transition metal site (hereinafter,
referred to as a substituting element) include Al, Ti, V, Cr, Mn, Fe, Co, Li, Ni, Cu, Zn, Mg, Ga and Zr, and preferably
Al, Cr, Fe, Co, Li, Ni, Mg and Ga, and further preferably Al. The transition metal site may be substituted by two or more
kinds of elements. The substitution degree by the substituting element is generally 2.5% by mole or more based on
the transition metal as the base, and more preferably 5% by mole or more based on the transition metal as the base,
and is generally 30% by mole or less based on the transition metal as the base, and more preferably 20% by mole or
less based on the transition metal as the base. In the case where the substitution degree is too small, there are some
cases where the crystalline structure cannot be sufficiently stabilized, and in the case where it is too large, there are
some cases where the capacity as a battery is lowered. Among the lithium-transition metal complex oxides, a lithium-
cobalt complex oxide and a lithium-nickel complex oxide are more preferred, and LiCoO, is particularly preferred. The
particle diameter of the cathode active material is generally 1 um or more since excellent battery characteristics, such
as cycle characteristics, can be obtained, and is generally 30 um or less, and preferably 10 um or less.

[0208] The cathode is generally contains a current collector formed thereon an active material layer containing the
cathode active material and a binder. The species of the binder used in the cathode and the method of forming the
active material layer may be the same as those in the anode.

[0209] Examples of the material for the current collector in the cathode generally include a metal, such as aluminum,
copper, nickel, tin and stainless steel, and an alloy of the metals. In this case, aluminum is generally used as the current
collector of the cathode. The shape of the current collector is not particularly limited, and examples thereof include a
plate form and a mesh form. The thickness of the current collector is generally 1 or more, and is generally 50 um or
less, and preferably 30 um or less. In the case where it is too thin, the mechanical strength is lowered, but in the case
where it is too thick, the size of the battery is increased, and the space occupied by the current collector in the battery
is increased, so as to decrease the energy density of the battery. The other elements than the current collector and
the thickness may be the same as those in the current collector for the anode.

[0210] The battery elements including the cathode, the anode and the electrolyte are housed in a housing. Examples
of the battery element include a wound accumulated body, which is obtained by accumulating the cathode and the
anode through an electrolyte solution layer, an accumulated body obtained by accumulating the cathode and the anode
through an electrolyte solution layer in a flat plate form, and an accumulated body obtained by accumulating plural
pieces of the battery elements obtained by accumulating in a flat plate form.

[0211] Examples of the housing, in which the battery elements are housed, include a metallic can for a coin cell and
a dry battery, and a housing having shape variability.

[0212] Examples of an electric equipment, in which the lithium secondary battery is used as an electric power source,
include a portable personal computer, a stylus-operated personal computer, a mobile personal computer, an electronic
book player, a portable telephone, a cordless handset, a pager, a handy terminal, a portable facsimile machine, a
portable duplicator, a portable printer, a personal stereo, a video cam, a liquid crystal television, a handy cleaner, a
portable CD player, a mini-disk player, an electric shaver, a radio transceiver, an electronic organizer, an electronic
calculator, a memory card, a portable tape recorder, a radio receiver, a backup electric power source, an electric motor,
a lighting fixture, a toy, a game machine, a load conditioner, a clock, a strobe light, a camera, and a medical equipment
(such as a heart pacer, a hearing aid and a shoulder massager). The lithium secondarybattery can also be used as an
electric power source for an electric vehicle.

EXAMPLE

[0213] The invention will be described in more detail with reference to examples, but the invention is not construed
as being limited to the following examples unless they go beyond the substance of the invention.
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(Example 1)
[Surface Treatment of Carbonaceous Substance]

[0214] Fullerene oxide produced by subjecting Cg to oxidation reaction (the oxygen number bonded to fullerene
was from 1 to 9) was used as a fullerene compound. Natural graphite having a particle diameter of 23.8 um and a
specific surface area of 5. 0 m2/g was used as a carbonaceous substance.

[0215] The fullerene oxide was dissolved in 1,2,4-trimethylbenzene to a solid content of 0.01% by weight, and 100
g of the solution was placed in a glass vessel having an internal capacity of 300 mL. 9.99 g of the natural graphite was
further placed in the vessel, and after stirring for about 12 hours, the mixture was dried by heating at 60°C to obtain
natural graphite having present on the surface thereof the fullerene oxide to a modification ratio of 0.1% by weight
(hereinafter, sometimes simply referred to as modified powder).

[0216] It was confirmed by observation with a scanning electron microscope (hereinafter, simply referred to as SEM)
that the fullerene oxide was present on the surface of the modified powder. The fullerene oxide was present as being
dispersed on the surface of the graphite.

[Production of Anode]

[0217] 90 parts by weight of the modified powder as an anode active material, 10 parts by weight of a polyvinylidene
fluoride resin (KF Polymer #1300, produced by Kureha Chemical Industry Co., Ltd.) and 150 parts by weight of N-
methyl-2-pyrrolidone were kneaded to obtain an anode paint.

[0218] The anode paint was coated, immediately after production, on a copper foil (thickness: 20 um) with a doctor
blade (blade coater) and dried, followed by subjecting to a roll press treatment at a linear pressure of 100 kN/m, to
obtain an anode.

[Production of Battery]

[0219] The anode was punched out to a diameter of 13 mm, and the battery characteristics were evaluated with a
coin cell.

[0220] Upon producing the coin cell, a Li metallic foil (thickness: 0.5mm, diameter: 14 mm) as a counter electrode,
an electrolyte solution and a separator were used. The electrolyte solution and the separator used were as follows.
[0221] The electrolyte solution contains ethylene carbonate and dimethyl carbonate (both produced by Mitsubishi
Chemical Corp.) in a proportion of 1/1 (volume %) and LiPFg as a lithium salt. The concentration of the lithium salt was
1 mole/L.

[0222] The separator was a polyethylene sheet having a thickness of 16 um (produced by Tonen Chemical Corp.).
(Example 2)

[0223] A battery was produced in the same manner as in Example 1 except that artificial graphite having a particle
diameter of 18 um and a specific surface area of 4.7 m2/g was used as the carbonaceous substance.

(Example 3)

[0224] A battery was produced in the same manner as in Example 1 except that artificial graphite having a particle
diameter of 19 um and a specific surface area of 0.7 m2/g was used as the carbonaceous substance.

(Comparative Example 1)

[0225] An electrode was produced in the same manner as in Example 1 except that the fullerene oxide was not made
present on the surface of the carbonaceous substance, and the battery characteristics were evaluated.

(Comparative Example 2)

[0226] An electrode was produced in the same manner as in Example 2 except that the fullerene oxide was not made
present on the surface of the carbonaceous substance, and the battery characteristics were evaluated.
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(Comparative Example 3)

[0227] An electrode was produced in the same manner as in Example 3 except that the fullerene oxide was not made
present on the surface of the carbonaceous substance, and the battery characteristics were evaluated.

(Comparative Example 4)

[0228] An electrode was produced in the same manner as in Example 1 except that the same carbonaceous sub-
stance used in Example 1 was used, but the surface thereof was modified with fullerene hydride, and the battery
characteristics were evaluated.

[0229] The method for making fullerene hydride present on the surface of the carbonaceous substance was as
follows.

[0230] Fullerene hydride was obtained by subjecting Cgj to reduction reaction. As the carbonaceous substance,
natural graphite having a particle diameter of 23.8 um and a specific surface area of 5.0 m2/g was used as similar to
Example 1.

[0231] The fullerene hydride was dissolved in decahydronaphthalene (a cis/trans mixture, produced by Tokyo Kasei
Kogyo Co., Ltd.) to a solid content of 0.01% by weight, and 100 g of the solution was placed in a glass vessel having
an internal capacity of 300 mL. 9.99 g of the natural graphite was further placed in the vessel, and after stirring for
about 12 hours, the mixture was dried by heating at 60°C to obtain natural graphite having present on the surface
thereof the fullerene oxide to a modification ratio of 0.1% by weight.

[0232] It was confirmed by observation with an SEM that the fullerene hydride was present on the surface of the
modified powder.

[Test Example]

[0233] The batteries obtained in Examples 1 to 3 and Comparative Examples 1 to 4 were evaluated for battery
characteristics.

[0234] The battery characteristics were evaluated in such a manner that the coin cells were charged and discharged,
and the first cycle charge capacity, the first cycle discharge capacity and the initial efficiency were measured. The
charging conditions were constant current charging with a current value of 0.3 mA/cm? until 3 mV, and then constant
voltage charging until 0. 03 mA/cmZ2. The discharge conditions were constant current discharging at 0.3 mA/cm?2 until
1.5 V. The initial efficiency was calculated by (first cycle discharge capacity)/(first cycle charge capacity).

[0235] The first cycle charge capacity, the first cycle discharge capacity and the initial efficiency thus measured are
shown in Table 1.
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[0236] It is understood from Table 1 that in both cases of natural graphite and artificial graphite, the initial efficiency
is improved by about from 1 to 4% by treating the surface with fullerene oxide. Itis found from the results of Comparative
Examples 1 and 4 that in the case where the surface of natural graphite is modified with fullerene hydride, the initial
efficiency is lowered by about 3% in comparison to the case of non-treated. This means nothing else that a fullerene
derivative having a group having a molecular weight of 6 or more (oxygen atom in Examples 1 to 3, molecular weight:
16)) is effective for improving the battery performance.

(Example 5)
(1) Fullerene Compound Supporting Step (Surface Treatment with Fullerene Compound)

[0237] 5 g of graphite (BET surface area: 4.2 m2/g, average particle diameter: 15 um) as a carbonaceous substance
was weighed in a 50 cc-beaker, to which 0.5 mL of a 1,2,4-trimethylbenzene solution of fullerene Cgq (concentration:
10 mg/mL) was added, and 3.5 mL of 1, 2, 4-trimethylbenzene was added, followed by well stirring, to obtain a paste
mixture. The mixture was dried in an oven at 120°C under a nitrogen stream for 3 hours to remove the solvent com-
pletely, and thus powder 1A was obtained.

(2) Crosslinking Step or Chemically Bonding Step
(Insolubilizing Treatment)

[0238] 1 g of the powder 1A was weighed in a 50 cc-beaker and heated at 350°C under an air stream for 3 hours to
attain an insolubilizing treatment, and thus powder 1B was obtained.

(3) Production of Anode

[0239] 90 parts by weight of the surface-treated graphite (powder 1B) as an anode active material, 10 parts by weight
of polyvinylidene fluoride and 150 parts by weight of N-methyl-2-pyrrolidone were mixed to obtain an anode paint.
[0240] The paint was coated, within 1 hour from the production, on a copper foil (thickness: 10 um) with a doctor
blade (blade coater) and dried, followed by subjecting to a roll press treatment at a linear pressure of 100 kN/m, to
obtain an anode. It was then punched to a diameter of 13 mm to obtain an anode for a coin cell.

(4) Production of Battery

[0241] Upon producing the coin cell, a Li metallic foil (thickness: 0.5 mm, diameter: 14 mm) as a counter electrode,
an electrolyte solution and a separator were used. The electrolyte solution and the separator used were as follows.
[0242] The electrolyte solution contains ethylene carbonate and dimethyl carbonate (both produced by Mitsubishi
Chemical Corp.) in a proportion of 1/1 (volume %) as non-aqueous solvent and LiPFg as a lithium salt. The concentration
of the lithium salt was 1 mole/L.

[0243] The separator was a polyethylene sheet having a thickness of 16 um (produced by Tonen Chemical Corp.).

(Example 6)

[0244] A battery was produced in the same manner as in Example 5 except that upon producing an anode, the anode
paint was allowed to stand for 1 week after the production, and the paint was again stirred and then coated to produce
an electrode.

(Example 7)

[0245] A battery was produced in the same manner as in Example 5 except that in the fullerene compound supporting
step, 0.5 mL of a 1,2,4-trimethylbenzene solution of fullerene C (concentration: 10 mg/mL) was used instead of Cg.

(Example 8)
[0246] A battery was produced in the same manner as in Example 7 except that upon producing an anode, the anode

paint was allowed to stand for 1 week after the production, and the paint was again stirred and then coated to produce
an electrode.
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(Example 9)
[0247] A battery was produced in the same manner as in Example 5 except that in the fullerene compound supporting
step, 3 mL of a 1,2,4-trimethylbenzene solution of fullerene C, (concentration: 5 mg/mL) was added instead of Cg,
and 1.5 mL of 1,2,4-trimethylbenzene was added.
(Example 10)
[0248] A battery was produced in the same manner as in Example 5 except that in the fullerene compound supporting
step, 0.5 mL of a 1, 2, 4-trimethylbenzene solution of a mixture of fullerene Cgy and fullerene C, (mixed fullerene Cgq/
Cyp = 3/1) (concentration: 10 mg/mL) was added instead of Cgq, and 3.5 mL of 1,2,4-trimethylbenzene was added.
(Example 11)
[0249] A battery was produced in the same manner as in Example 5 except that in the fullerene compound supporting
step, 1 mL of a 1,2-dimethylbenzene solution of fullerene Cgq (concentration: 5 mg/mL) was added, 4 mL of toluene
was added, and the insolubilizing treatment was effected at 300°C in an air stream for 3 hours.

(Comparative Example 5)

[0250] A battery was produced in the same manner as in Example 5 except that fullerene Cgy was not used (the
steps of (1) and (2) in Example 5 were not carried out), and graphite was used as it is as an anode active material.

(Reference Example 1)

[0251] A battery was produced in the same manner as in Example 5 except that the insolubilizing treatment was not
carried out.

(Example 12)

(1) Fullerene Compound Supporting Step (Surface Treatment with Fullerene Compound)

[0252] 5 g of graphite (BET surface area : 4.2m?2/g, average particle diameter: 15 um) as a carbonaceous substance
was weighed in a 100 cc-beaker, to which 0.5 mL of an N-methyl-2-pyrrolidone (NMP) solution of fullerene Cgo(OH)n
(n represents a center value of 10, hereinafter, the hydroxyl group-introduced fullerene Cg is referred to as Cgq hy-
droxide) (concentration: 10 mg/mL) was added, and 1.5 mL of NMP and 2 mL of dimethylformamide (DMF) were added,
followed by well stirring, to obtain a paste mixture. The mixture was dried in an oven at 120°C under a nitrogen stream
for 3 hours to remove the solvent completely, and thus powder 2A was obtained.

(2) Crosslinking Step or Chemically Bonding Step

(Insolubilizing Treatment)

[0253] 1 g of the powder 8A was weighed in a 100 cc-beaker and heated at 350°C under a nitrogen stream for 3
hours to attain an insolubilizing treatment, and thus powder 2B was obtained.

(3) Production of Anode
[0254] The same procedures as in Example 5 were carried out except that the powder 2B was used.
(4) Production of Battery

[0255] The same procedures as in Example 5 were carried out except that an electrode using the powder 2B was
used.

(Example 13)

[0256] A battery was produced in the same manner as in Example 12 except that the anode paint was allowed to
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stand for 1 week after the production, and the paint was again stirred and then coated to produce an electrode.
(Example 14)

[0257] A battery was produced in the same manner as in Example 12 except that in the fullerene compound sup-
porting step, 0.5 mL of an NMP solution of a hydroxyl group-introduced fullerene C,o(OH)n (n represents a center
value of 12, hereinafter, referred to as C;( hydroxide) (concentration: 10 mg/mL) was used.

(Example 15)

[0258] A battery was produced in the same manner as in Example 14 except that the anode paint was allowed to
stand for 1 week after the production, and the paint was again stirred and then coated to produce an electrode.

(Example 16)

[0259] A battery was produced in the same manner as in Example 12 except that the following conditions were
employed in the fullerene compound supporting step, and the following conditions were employed in the crosslinking
and chemically bonding step. (1) Fullerene Compound Supporting Step (Surface Treatment with Fullerene Compound)
[0260] 4 g of graphite was weighed in a 100 cc-beaker, to which 0.8 mL of an NMP solution of Cgy hydroxide (con-
centration: 5 mg/mL) was added, and 3.2 mL of NMP was added, followed by well stirring, to obtain a paste mixture.
The mixture was dried in an oven at 120°C under a nitrogen stream for 5 hours to remove the solvent completely, and
thus powder 3A was obtained.

(2) Crosslinking Step or Chemically Bonding Step

(Insolubilizing Treatment)

[0261] The conditions for the insolubilizing treatment were at 300°C under a nitrogen stream for 3 hours.
[Test Example]

[0262] The batter is obtained in Examples 5 to 16 and Comparative Examples 4 to 5 were evaluated for battery
characteristics.

[0263] The battery characteristics were evaluated in such a manner that the coin cells were charged and discharged,
and the initial efficiency was calculated from the first cycle charge capacity and the first cycle discharge capacity. The
charging conditions were constant current charging with a current value of 0.3 mA/cm? until 3 mV, and then constant
voltage charging until 0.03 mA/cm?2. The discharge conditions were constant current discharging at 0.3 mA/cm?2 until
1.5 V. The initial efficiency was calculated by (first cycle discharge capacity)/(first cycle charge capacity).

[0264] The initial efficiency thus measured is shown in Table 2.
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[0265] It is understood from Table 2 that the initial efficiency is improved by about from 1 to 3% by effecting the
insolubilizing treatment. It is also understood from the results of Example 6 that in the case where NMP, which is known
as the solvent dissolving Cg (for example, the dissolution amount of Cgg in NMP is 0.89 mg/mL as disclosed in R.S.
Ruof, etal., J. Phys. Chem., vol. 97, pp. 3379-3383 (1993)), is used as the solvent for producing the anode, the fullerene
having been subjected to the insolubilizing treatment present on the surface of the graphite is not eluted, and the
improvement effect for the battery performance is sufficiently exerted even in the battery production after 1 week.
[0266] It is also understood from the results of Examples 12 to 16 that the effect is obtained, even when the same
solvent as the solvent (NMP) capable of dissolving the fullerene compound used in the fullerene compound supporting
step is used as the solvent for the paint for producing the anode.

[0267] As shown by Reference Example 1, on the other hand, sufficient effect cannot be obtained by treating the
surface of the carbonaceous substance with Cgq. This is partly caused by the fact that Cg is soluble in NMP as the
solvent of the paint. In other words, there is such a possibility that the fullerene compound can be stably present on
the surface of the carbonaceous substance by producing the anode immediately after the production of the anode
paint containing the anode material, but it is considered that in the case where the time lapses after producing the
anode paint as in Reference Example 1, Cg is eluted from the surface of the carbonaceous substance to NMP as the
solvent for the paint to lower the effect of making the fullerene compound present on the surface of the carbonaceous
substance.

[0268] Furthermore, it is considered that another reason why the sufficient effect cannot be obtained by treating the
surface of the carbonaceous substance with Cg, is that Cgq on the surface of the anode, which is in a reducing atmos-
phere upon charging in the battery, is reduced, and a molecular species soluble in the electrolyte solution is formed
and eluted into the electrolyte solution. Accordingly, the insolubilizing treatment of the fullerene compound also provides
a solution for other factors than the solvent for the paint.

(Reference Example 2)

[0269] In orderto investigate as to whether or not the fullerene compound was crosslinked or bonded to the substrate
in the crosslinking step or the chemically bonding step (insolubilizing treatment) in Examples 5 to 16, the following
experiment was carried out by using Cg, hydroxide as the fullerene compound.

(1) Dehydration by Heating

[0270] Powder of Cgy hydroxide was dried at 120°C for 3 hours by using a vacuum drier for removing water adsorbed
on the surface, and then 5 mg thereof was fractionated and measured for water content released upon heating to
prescribed temperatures with a Karl Fischer water content meter of a heating and released water detecting type. As
the heating and released water detecting type Karl Fischer water content meter, VA-06, produced by Mitsubishi Chem-
ical Corp., was used.

[0271] The water contents thus measured are shown in Table 3.

Table 3

Heated temperature | Released water content (% by weight) | Concentration of solution (mg/mL)

120°C 0.14 0.029
200°C 0.16 0.010
300°C 24 0.001

(2) Confirmation of Solubility of Heated Cgy Hydroxide

[0272] 1 mg of Cgy hydroxide thus heated and dehydrated at the aforementioned temperatures was weighed in 20
cc-sample tubes, respectively, to which 10 mL of propylene carbonate was added, followed by well stirring. After leaving
at rest for 24 hours, the concentration of the supernatant liquid was quantitatively determined with an ultraviolet-visible
absorption spectrometer. The concentration of the solution upon being completely dissolved became 0.1 mg/mL. The
saturated solubility of Cgq hydroxide in propylene carbonate was 0.48 mg/mL, and thus the charged conditions thus
employed was a sufficient composition for completely dissolving Cg, hydroxide thus put in. The measurement of an
ultraviolet absorption spectrum was carried out by using an ultraviolet-visible absorption analyzer
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(Ultraviolet-visible Spectrometer UV-1650-PC, produced by Shimadzu Corp.).

[0273] The concentrations of the solutions thus measured are shown in Table 3.

[0274] The proportion of hydroxyl groups occupied in Cgy hydroxide having about 10 hydroxyl groups added thereto
used in the experiment is about 19% by weight. It is assumed in the case of dehydration condensation that one water
molecule is released from two hydroxyl groups to form an ether bond, and the water thus released is about 10% by
weight. The water contents thus detected are lower than that value, and the following three points can be considered
as the reason thereof. Firstly, not all the hydroxyl groups contribute to the formation of crosslinking, secondly, there is
such a possibility that a part of the hydroxyl groups are already reacted upon vacuum drying at 120°C for 3 hours for
removing water adsorbed on the surface, and thirdly, there is such a possibility that unreacted hydroxyl groups are
reacted at a higher temperature.

[0275] On the other hand, the concentration of the solution becomes 0.1 mg/mL when Cgq hydroxide is completely
dissolved in propylene carbonate, and it is understood from the aforementioned measurement that the dissolved
amount is decreased when the temperature is increased.

[0276] It is understood that, upon heating, Cgq hydroxide is dehydrated, and Cgy hydroxide is condensed to each
other to form crosslinking, from the fact that the water content released is increased upon increasing the heating tem-
perature, and the dissolution concentration of Cgq hydroxide in propylene carbonate is decreased upon increasing the
heating temperature.

(Example 17)
(1) Fullerene Compound Supporting Step (Surface Treatment with Fullerene Compound)

[0277] 5 g of graphite (BET surface area: 4.2m2/g, average particle diameter: 15 um) as a substrate was weighed
in a 50 cc-beaker, to which 3 mL of a 1,2-dimethylbenzene solution of fullerene Cgq (concentration: 5 mg/mL) was
added, and 2 mL of toluene was added, followed by well stirring, to obtain a paste mixture. The mixture was dried in
an oven at 90°C under a nitrogen stream for 2 hours, and vacuum-dried by using a vacuum drier at 120°C for 3 hours
to remove the solvent completely, and thus powder 22A was obtained.

(2) Crosslinking Step or Chemically Bonding Step
(Insolubilizing Treatment)

[0278] 1 g of the powder 22A was weighed in a 50 cc-beaker and heated at 300°C under an air stream for 3 hours
to attain crosslinking and/or bonding to the surface of the substrate, and thus powder 22B was obtained.
[0279] Powder 22C was obtained by changing the heating conditions to 350°C under an air stream for 3 hours.

(3) Evaluation of Insolubilization

[0280] 0.1 g of each of the powder 22A, the powder 22B and the powder 22C were weighed in 5 cc-sample tubes,
respectively, to which 2 mL of NMP was added, followed by well stirring. After leaving at rest for 24 hours, the super-
natant liquidwas collected and measured for an ultraviolet absorption spectrum, and the concentration of Cgy was
quantitatively determined by comparing the calibration line in an NMP solution. The quantitative determination of the
concentration was appropriately effected at times of 120 hours, 144 hours, 360 hours, 624 hours and 960 hours. The
measurement of an ultraviolet absorption spectrum was carried out by using an ultraviolet-visible absorption analyzer
(Ultraviolet-visible Spectrometer UV-1650-PC, produced by Shimadzu Corp.).

[0281] In the case where Cg thus treated was entirely eluted, the concentration of the Cg solution in the sample
tube became 0.15 mg/mL as the treated amount of Cg, to the powder was 3 mg/g, from which the concentration thus
measured was converted to the elution rate. The time dependency of the resulting elution rate thus obtained is shown
in Fig. 3. The elution amounts after 24 hours are shown in Table 4.

Table 4
Sample Elution amount after 24 hours (mg/g)
Powder 22A 3.02
Powder 22B 1.13
Powder 22C 0.11

30



10

15

20

25

30

35

40

45

50

55

EP 1 548 862 A1
(Example 18)
(1) Fullerene Compound Supporting Step (Surface Treatment with Fullerene Compound)

[0282] 4 g of graphite (BET surface area: 4.2m2/g, average particle diameter: 15 um) as a substrate was weighed
in a 100 cc-beaker, to which 2.4 mL of anNMP solution of Cgq hydroxide (concentration: 5 mg/mL) was added, and 1.6
mL of NMP was added, followed by well stirring, to obtain a paste mixture. The mixture was dried in an oven at 120°C
under a nitrogen stream for 5 hours, and vacuum-dried by using a vacuum drier at 120°C for 1 hour to remove the
solvent completely, and thus powder 23A was obtained.

(2) Crosslinking Step or Chemically Bonding Step
(Insolubilizing Treatment)

[0283] 1 g of the powder 23A was weighed in a 100 cc-beaker and heated at 300°C under a nitrogen stream for 3
hours to attain crosslinking and/or bonding to the surface of the substrate, and thus powder 23B was obtained.
[0284] Powder 23C was obtained by changing the heating conditions to 400°C under a nitrogen stream for 3 hours.

(3) Evaluation of Insolubilization

[0285] 0.1 g of each of the powder 23A, the powder 23B and the powder 23C were weighed in 5 cc-sample tubes,
respectively, to which 2 mL of NMP was added, followed by well stirring. After leaving at rest for 24 hours, the super-
natant liquidwas collected and measured for an ultraviolet absorption spectrum, and the concentration of Cg( hydroxide
was quantitatively determined by comparing the calibration line in an NMP solution. The quantitative determination of
the concentration was appropriately effected at times of 120 hours, 144 hours, 360 hours, 624 hours and 960 hours.
Themeasurement of anultraviolet absorption spectrum was carried out by using an ultraviolet-visible absorption ana-
lyzer (Ultraviolet-visible Spectrometer UV-1650-PC, produced by Shimadzu Corp.).

[0286] In the case where Cg hydroxide thus treated was entirely eluted, the concentration of the Cgy hydroxide
solution in the sample tube became 0.15 mg/mL as the treated amount of Cg to the powder was 3 mg/g, from which
the concentration thus measured was converted to the elution rate. The time dependency of the resulting elution rate
thus obtained is shown in Fig. 4. The elution amounts after 24 hours are shown in Table 5.

Table 5
Sample Elution amount after 24 hours (mg/g)
Powder 23A 2.48
Powder 23B 1.21
Powder 23C 0.59

INDUSTRIAL APPLICABILITY

[0287] According to the invention, a fullerene compound is present on a surface of a carbonaceous substance, which
is generally used as an anode active material of a lithium secondary battery, whereby the lithium secondary battery
can be significantly improved in initial efficiency.

[0288] Specifically, on a surface of a carbonaceous substance, a fullerene derivative having a group having a formula
weight of 6 ormore is present, spherical shell structures of a fullerene compound are crosslinked through at least one
atom, or a spherical shell structure of a fullerene compound is chemically bonded to the carbonaceous substance
through at least one atom, whereby the lithium secondary battery can be significantly improved in initial efficiency.
[0289] In particular, spherical shell structures of a fullerene compound are crosslinked through at least one atom,
and/or a spherical shell structure of a fullerene compound is chemically bonded to the carbonaceous substance through
at least one atom, whereby the fullerene compound can be suppressed from being eluted to an electrolyte solution or
an organic solvent used upon producing the anode, so as to provide high stability of the effect of the surface treatment
with the fullerene compound. Furthermore, the effect of the surface treatment is not easily lost owing to the high ad-
hesion strength between the fullerene layer and the carbonaceous substance, whereby industrial production thereof
can be easily attained.

[0290] While the invention has been described with reference to the specific embodiments, it is apparent to a skilled
person in the art that various changes and modifications can be made in the invention without departing from the spirits
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and the scope of the invention.

[0291] The invention is based on the Japanese Patent Application filed on October 4, 2002 (Patent Application No.
2002-292747) and the Japanese Patent Application filed on May 8, 2003 (Patent Application No. 2003-130405), and
the entire disclosures thereof are incorporated herein by reference.

Claims

10.

1.

An additive for an anode material for a lithium secondary battery, wherein the additive is a fullerene derivative
having a group having a formula weight of 6 or more.

The additive for an anode material for a lithium secondary battery according to claim 1, wherein the formula weight
is 1,000 or less.

The additive for an anode material for a lithium secondary battery according to claim 1 or 2, wherein the group
having a formula weight of 6 or more of the fullerene derivative is one selected from the group consisting of an
alkali metal atom, a chalcogen atom, a halogen atom, an aliphatic hydrocarbon group, an aromatic hydrocarbon
group, a heterocyclic group, a characteristic group containing oxygen, a characteristic group containing sulfur and
a characteristic group containing nitrogen.

The additive for an anode material for a lithium secondary battery according to any one of claims 1 to 3, wherein
the fullerene derivative has from 1 to 36 of groups having a formula weight of 6 or more.

An anode material for a lithium secondary battery, which comprises a fullerene compound and a carbonaceous
substance, wherein the fullerene compound is a fullerene derivative having a group having a formula weight of 6
or more, and the fullerene compound is present on a surface of the carbonaceous substance.

The anode material for a lithium secondary battery according to claim 5, wherein the formula weightis 1,000 or less.

The anode material for a lithium secondary battery according to claim 5 or 6, wherein the group having a formula
weight of 6 or more of the fullerene derivative is one selected from the group consisting of an alkali metal atom, a
chalcogen atom, a halogen atom, an aliphatic hydrocarbon group, an aromatic hydrocarbon group, a heterocyclic
group, a characteristic group containing oxygen, a characteristic group containing sulfur and a characteristic group
containing nitrogen.

The anode material for a lithium secondary battery according to any one of claims 5 to 7, wherein the fullerene
derivative has from 1 to 36 of groups having a formula weight of 6 or more.

An anode material for a lithium secondary battery, which comprises a fullerene compound and a carbonaceous
substance, wherein the fullerene compound is present on a surface of the carbonaceous substance, and spherical
shell structures of the fullerene compound are crosslinked through at least one atom.

An anode material for a lithium secondary battery, which comprises a fullerene compound and a carbonaceous
substance, wherein the fullerene compound is present on a surface of the carbonaceous substance, and a spherical
shell structure of the fullerene compound is chemically bonded to the carbonaceous substance through at least
one atom.

An anode material for a lithium secondary battery, which comprises a fullerene compound and a carbonaceous
substance, wherein the fullerene compound is present on a surface of the carbonaceous substance, and an elution
amount of the fullerene compound per unit weight of the anode material for a lithium secondary battery determined
by the following test method is 2 mg/g or less:

[test method]
(1) 0.1 g of the anode material for a lithium secondary battery is dissolved in 2 mL of a trimethylbenzene
solvent or a N-methylpyrrolidone solvent to prepare a sample solution;

(2) the sample solution is allowed to stand at an ordinary temperature (25 = 5°C) and an ordinary humidity
(50 = 15%RH) for 24 hours;
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(3) a supernatant fluid of the sample solution thus allowed to stand is recovered, and a content of the
fullerene compound contained in the supernatant fluid is measured; and

(4) the measured value is converted to a total elution amount of the sample solution, and the converted
value is divided by 0.1 g.

The anode material for a lithium secondary battery according to any one of claims 9 to 11, wherein the at least
one atom is an oxygen atom.

An anode for a lithium secondary battery, which comprises the anode material for a lithium secondary battery as
described in one of claims 5 to 12.

A lithium secondary battery, characterized by using the anode as described in claim 13.

A process for producing an anode material for a lithium secondary battery having a fullerene compound present
on a surface of a carbonaceous substance, wherein the process comprises:

a fullerene compound supporting step of making a fullerene compound present on a surface of a carbonaceous
substance; and

at least one of a crosslinking step of crosslinking spherical shell structures of the fullerene compound through
at least one atom, and a chemically bonding step of chemically bonding a spherical shell structure of the
fullerene compound to the surface of the carbonaceous substance through at least one atom.

The process for producing an anode material for a lithium secondary battery according to claim 15, wherein the
crosslinking step or the chemically bonding step is carried out by a heat treatment at 100°C or more.

The process for producing an anode material for a lithium secondary battery according to claim 15 or 16, wherein
the at least one atom is an oxygen atom.
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